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ABSTRACT  This  report  presents  results  of  aerodynamic  and -thermo¬ 
dynamic  tests  conducted  on  the  first  standard  Navy  air-cooled  T-10  test 
cell.  Objectives  of  the  tests  were  to;  (1)  Determine  if  aerodynamic 
and  thermodynamic  design  objectives  for  the  standard  T-10  test  cells 
were  met;  (2)  Obtain  data  for  comparing  analytical  predictions  and 
validating  analytical  modeling  techniques,  and  (3)  Obtain  baseline  data 
of  cell  performance  for  use  in  case  of  future  changes  in  design  or 
operations.  Data  were  obtained  during  runs  with  the  following  engines: 
a  J52-P-8B,  a  J52-P-408,  a  TF41-A-2C,  a  r404-GE-400,  and  a 
TF30-P-414.  All  engines  were  run  at  idle,  85%,  and  military  powei',  and 
the  engines  equipped  with  afterburner  (the  TF30  and  F404)  were  run  at 
zone  5.  Measurements  included:  Intake  flow  velocities  and  flow  rates, 
cell  pressure,  flow  velocities  approaching  and  around  the  engine,  ex¬ 
haust  section  surface  temperatures,  and  exhaust  jet  temperatures  and 
velocities.  Results  showed  that  all  aerothermal  design  objectives  were 
met  with  one  exception;  noise  measured  250  feet  aft  of  the  engine  ex¬ 
ceeded  85  db.  Augmentation  ratios  ranged  from  6.0  to  13.5,  Air  flow 
approaching  the  engine  was  smooth  with  velocities  less  than  40  ft/scc. 
Cell  depression  was  less  than  1.0  inch  1I~0.  Flow  in  the  exiiaust 
augmenter  tube  was  symmetrical  and  indicated  smooth  mixing  of  jet  ex¬ 
haust  with  cooling  air.  Maximunj  temperature  of  tlie  augmenter  wail  was 
about  800®F  with  the  TF30  engine. 
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Augmentation  ratios  ranged  from  6.0  to  15.5.  Air  flow  approaching  the 
engine  was  smooth  with  velocities  less  than  40  ft/sec.  Cell  depression  was 
less  than  1.0  inch  H^O.  Flow  in  the  exhaust  augmenter  tube  was  symmetrical 
and  indicated  smooth  mixing  of  jet  exhaust  w^th  cooling  air.  Maximum  tem¬ 
perature  of  the  augmenter  wall  was  about  800  F  with  the  TF50  engine. 
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This  report  presents  results  of  aerodynamic  and  thermodynamic  tests  con¬ 
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and  military  power,  and  the  engines  equipped  with  afterburner  ( the  TF30 
and  F4041  were  run  at  zone  5.  Measurements  included:  Intake  flow  veloc¬ 
ities  and  flow  rates,  cell  pressure,  flow  velocities  approaching  and 
around  the  engine,  exhaust  section  surface  temperatures,  and  exhaust  jet 
temperatures  and  velocities.  Results  showed  that  all  aerothermal  design 
objectives  were  met  with  one  exception,  noise  measured  250  feet  aft  of 
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INTRODUCTION 


This  report  presents  results  of  the  aerodynamic  and  thermodynamic 
testing  conducted  at  the  Naval  Air  Station  (NAS)  Cubi  Point,  Republic  of 
the  Philippines,  on  the  standard  Navy  air-cooled  T-10  test  cell.  The 
tests  were  conducted  from  9  November  through  20  November  1986.  Figures  1 
and  2  are  front  and  rear  views  of  the  test  cell. 

The  objectives  of  the  aerothermal  testing  were  to:  (1)  Determine 
if  aerodynamic  and  thermodynamic  design  objectives  for  the  standard  T-10 
test  cells  were  met;  (2)  Obtain  data  for  comparing  analytical  predictions 
and  validating  analytical  modeling  techniques;  and  (.3)  Obtain  baseline 
data  of  cell  performance  for  use  in  case  of  future  changes  in  design  or 
operations . 

The  test  cell  at  NAS  Cubi  Point  is  the  first  standard  T-10  test 
cell,  and  will  be  replicated  at  several  Navy  and  Marine  Corps  bases. 

This  was  the  first  opportunity  to  measure  the  performance  of  the  standard 
T-10  design  and  to  determine  if  design  changes  should  be  made  to  the 
standard  configuration.  The  variety  of  engines  maintained  at  NAS  Cubi 
Point  also  resulted  in  the  unique  opportunity  to  measure  cell  performance 
with  most  engines  to  be  run  in  the  T-10  test  cells.  Two  engines  not 
available  for  the  test  reported  here  were  the  FA02,  which  is  not  main¬ 
tained  at  NAS  Cubi  Point,  and  the  FI 10,  which  was  not  in  production  at 
the  time  of  these  tests. 

The  aerothermal  testing  was  done  concurrently  with  other  test  pro¬ 
grams  conducted  at  the  completion  of  construction  of  test  cells.  The 
test  programs  were:  Correlation  test  with  "known  performance  engines" 
conducted  by  the  Naval  Air  Propulsion  Center  and  the  Naval  Aviation 
Engine  Support  Unit;  control  room  equipment  checkout  and  calibration 
conducted  by  the  Naval  Air  Engineering  Center;  and  measurement  of  inter¬ 
nal  and  external  noise  levels  conducted  by  the  Naval  Ocean  Systems  Center. 
Each  agency  will  report  separately  on  its  test  program.  In  addition, 
the  Naval  Civil  Engineering  Laboratory  (NCEL)  measured  vibrations  of  the 
structure  at  several  points,  and  ultraviolet  and  infrared  emissions  from 
the  engines  and  exhaust  plumes.  NCEL  will  report  its  vibration  and  radiant 
emissions  data  separately. 


STANDARD  NAVY  T-10  TEST  CELL 

Figure  3  Identifies  the  main  components  of  the  T-10  test  cell  at 
NAS  Cubi  Point  and  indicates  the  paths  of  flows  through  the  facility. 

The  T-10  test  cell  is  a  "dry  augmenter"  cell.  This  means  that  the 
cell  is  designed  to  draw  in  large  amounts  of  air  through  the  intakes  to 
mix  with  and  cool  the  exhaust  from  tl'e  engine.  The  test  cell  acts  as  a 
large  eductor.  Momentum  of  the  engine  exhaust  "pumps"  or  "drags"  the 
needed  air  through  the  cell.  Exhaust  gases  leave  the  engine  as  a  high 
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velocity,  relatively  small  diameter,  jet  divoctod  Into  the  augmenter 
tube,  and  surrounded  by  a  layer  of  slower  ambient  air.  A  turbulent  shear 
layer  develops  around  the  jet  and  pulls  the  ambient  air  along  with  the 
jet,  l.e.,  the  eductor  effect.  In  pulling  ambient  air  down  the  augment¬ 
er  tube  with  the  jet,  a  reduced  pressure  is  created  in  the  test  bay, 
forcing  air  to  be  drawn  in  through  the  primary  and  secondary  intakes  to 
replace  the  air  pulled  down  the  tube. 

Appendix  A  describes  the  T-10  test  cell  in  detail. 


DESCRIPTION  OF  TESTS 

Aerothermal  measurements  were  made  at  NAS  Cnbi  Point  during  runs 
with  the  following  engines;  a  J52-P-8B,  a  J52-P-408,  a  TF41-A-2C,  an 
F404-GE-400,  and  a  TF30-P-414.  Data  were  taken  with  each  engine  at  idle, 
85%,  and  military  (Mil)  power  settings.  For  the  engines  equipped  with 
an  afterburner  (the  TF30  and  F404),  data  were  also  taken  at  zone  5.  A 
complete  set  of  data  was  taken  with  the  T-10  test  cell  in  the  "as-built" 
configuration,  specifically,  with  the  throttle  plate  installed.  The 
throttle  plate  is  a  2-foot  extension  of  the  converging  section  of  the 
augmenter.  The  throttle  plate  was  included  on  the  theory  that  it  would 
delay  Impingement  of  exhaust  flow  on  the  augmenter  wall.  To  check  the 
theory,  the  throttle  plate  was  removed  and  tests  were  repeated  with  the 
TF41,  TF30,  and  F404  engines.  Augmentation  rates  were  slightly  higher 
without  the  throttle  plate,  but  the  effects  of  the  throttle  plate  were 
so  small  that  reinstallation  was  not  recommended. 

The  tests  included  measurements  and  observations  of  flow  parameters 
and  temperatures  throughout  the  test  cell.  The  locations  and  types'  of 
measurements  of  the  tests  were: 

Intakes 

•  Primary  Intake.  Velocity  and  mass  flow  r.Tte  distribution  at 
the  top  of  the  primary  intake  baffles. 

•  Secondary  Intake.  Velocity  and  mass  flow  rate  distribution  at 
the  bottom  of  the  secondary  intake  baffles. 

Test  Bay 

•  Velocity  measurements  up  to  13  feet  high  at  various  positions 
in  the  test  bay. 

•  Cell  depression. 

•  Qualitative,  overall  flow  patterns  throughout  the  test  bay. 

•  Air  temperature. 
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Augmenter 


•  Velocity  distribution  and  mass  flow  rate  of  the  Jet  engine 
exhaust/augmentation  air  at  30  feet  aft  of  the  secondary  intake 

*  Velocity  distribution  and  mass  flow  rate  of  the  Jet  engine 
exhaust/augmentation  air  at  60  feet  aft  of  the  secondary  intake 

*  Temperature  distribution  of  the  Jet  engine  exhaust /augment at ion 
air  at  30  feat  and  at  60  feet  aft  of  the  secondary  intake. 

•  Temperature  distribution  of  the  perforated  plate  surfaces 
circumferentially  and  down  the  length  of  the  augmenter  tube. 

•  Static  pressure  distribution  down  the  length  of  the  augmenter 
tube. 

Stack  Ramp 

*  Temperature  distribution  on  the  stack  ramp. 

The  instrumentation  and  the  accuracy  of  the  results  are  discussed  in 
Appendixes  B  and  C,  respectively. 


RESULTS 

Whenever  possible,  duplicate  runs  were  recorded.  Several  alterna'- 
tives  were  often  available  when  choosing  the  data  to  be  used  in  describ¬ 
ing  the  behavior  of  a  particular  variable.  Plots  were  generated  from 
the  data  set  that  best  describes  the  pertinent  variable,  usually  the 
data  set  with  the  least  inoperative  instrumentation.  It  follows  that 
the  data  does  not  always  match  exactly  from  plot  to  plot. 

Most  of  the  plots  summarize  steady  state  values,  averages  of  data 
recorded  every  second  for  30  seconds  up  to  a  minute.  A  TF30  transient 
from  Mil  to  A/B  and  back  down  is  included,  however.  On  the  plots,  the 
data  are  shown  as  a  symbol;  a  circle,  cross,  triangle,  etc.  A  line  is 
faired  through  appropriate  data  to  better  illustrate  overall  trends. 

The  techniques  used  to  record  and  reduce  the  data  are  explained  in 
Appendix  D. 

Total  Airflow 

The  total  mass  flow  through  the  test  cell  was  determined  by  measur¬ 
ing  and  adding  airflows  through  the  primary  and  secondary  inlets.  The 
procedures  employed  are  discussed  in  detail  in  Appendix  B.  Major  assump¬ 
tions  include  incompressibility  and  symmetry. 

Table  1  summarizes  NAS  Cubl  Point  T-10  test  cell  airflows  measured 
during  correlation  tests.  Augmentation  ratio,  a  common  indicator  of 
aerothermal  performance,  is  defined  as: 

aug  ratio  =  (inlet  flow  -  engine  flow)/englne  flow 
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Nearly  all  recorded  runs  are  included;  note  the  repeatability  from  run 
to  run. 

Cell  Depression 

Cell  depression  is  defined  as  the  static  pressure  inside  the  test 
bay,  relative  to  ambient.  It  is  always  a  negative  value,  and  inches  of 
water  is  used  as  the  unit  of  measurement.  Normally  the  (-)  sign  is 
omitted;  the  word  'depression'  would  suggest  a  negative  value, 
regardless.  For  these  tests,  cell  depression  was  measured  on  the  side 
wall  outside  the  control  room. 

Table  2  summarizes  cell  depression  measured  during  the  correlation 
tests.  Again,  nearly  all  runs  are  included.  Here,  however,  the  repeat¬ 
ability  is  poor.  Figure  4  shows  cell  depression  plotted  as  a  function 
of  total  inlet  airflow.  Scatter  in  the  data  is  even  more  apparent. 
(Fluctuations  in  cell  depression  will  be  discussed  later.)  The  dashed 
line  through  the  data  on  Figure  4  is  a  curve  fit  based  on  the  assumption 
of  Incompressible  flow, 

1/2 

velocity  a  [pressure  difference/density) 

1/2 

mass  flow  o  [pressure  difference  x  density) 

or,  combining  the  density  and  the  constant  of  proportionality, 

1/2 

inlet  airflow  =  2390  [cell  depression]  ' 

Augmenter  Tube  Gas  Velocities 

Figures  5  through  18  show  gas  velocities  calculated  from  pressures 
measured  with  pitot  tubes  mounted  on  the  two  racks  in  the  augmenter  tube. 
Velocities  arc  parallel  to  the  tube  centerline.  Two  profiles  are  shown 
on  each  figure.  The  first,  labelled  "vertical  tube  diameter,"  was  devel¬ 
oped  from  pressures  measured  along  the  vertical  member  of  the  racks  (see 
Figure  B-7).  It  is,  therefore,  a  velocity  profile  through  the  center  of 
the  augmenter  tube  from  top  to  bottom.  The  second  profile,  labelled 
"horizontal  tube  diameter,"  was  developed  from  pressures  measured  along 
the  horizontal  member  of  each  of  the  racks. 

Gas  velocities  measured  during  several  runs  are  also  plotted  as 
contours  in  Appendix  E. 

Augaenter  Tube  Vail  Teaperatures 

Wall  surface  (skin)  temperatures  were  measured  with  thermocouples 
permanently  mounted  around  the  circumference  of  the  tube  at  three  axial 
locations.  These  temperatures  are  plotted  as  Figures  19  through  22. 
Figure  23  shows  wall  temperatures  with  engine  alignment  (yaw)  as  a  para¬ 
meter. 
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Augnenter  Tube  Gas  Temperatures 


Temperature  of  the  gases  as  they  pass  through  tho  augmenter  tube 
are  plotted  as  Figures  24  through  37.  Temperature  profiles  In  both  the 
vertical  and  horizontal  directions  are  shown  together,  in  a  manner  analo¬ 
gous  to  that  used  for  the  gas  velocitie.s. 

Also  Included  on  these  figures  are  the  temperatures  of  the  surface 
of  the  exhaust  ramp.  These  are  metal  temperatures,  not  gas  temperatures, 
but  they  closely  approximate  the  temperatures  of  the  gases  as  they  strike 
the  ramp.  Although  the  thermocouples  were  mounted  on  the  surface  of  a 
45-degree  plane,  the  data  were  plotted  as  if  the  plane  was  vertical; 
l.e.,  the  ramp  "diameter"  in  the  vertical  direction  was  multiplied  by 
sine  45  degrees.  Thus,  the  ramp  temperatures  compare  sequentially  with 
the  two  rack  temperatures . 

Figure  38  is  a  plot  of  augmenter  tube  gas  temperatures  with  mis¬ 
alignment  (yaw)  as  a  parameter. 

Augmenter  Tube  Gas  Pressures 

Static  pressures  of  the  gases  passing  through  the  tube  were  measured 
every  10  feet  along  the  sidewall;  gas  pressures  were  also  measured  at 
the  top  and  bottom  of  the  two  racks.  These  pressures  are  summarized  in 
Figures  39  through  44.  Pressures  are  plotted  relative  to  ambient.  It 
is  assumed  that  cell  depression  is  representative  of  t;he  static  pressure 
at  the  inlet  to  the  augmenter  tube. 

Augmenter  Tube  Transient  Temperature  Behavior 

Data  were  recorded  continuously  during  a  TF30  transition  from  mili¬ 
tary  (Mil)  power  to  afterburner  power  (A/B)  and  back  down  to  Mil.  Temper¬ 
atures  recorded  during  this  run  are  plotted  against  time  on. Figures  45a, 
b,  c. 

Figure  45a  describes  aerothnrmal  behavior  al  l:he  forward  instrument¬ 
ation  rack,  l.e.,  in  a  vertical  plane  about  30  feet  into  the  tube.  The 
temporal  variations  of  gas  temperatures  at  the  tube  centerline  and  near 
the  wall  are  plotted  alongside  tube  wall  metal  temperatures  measured  at 
the  same  location.  Figure  45b  shows  these  same  temperatures  at  the  rear 
instrumentation  rack,  l.e.,  in  a  vertical  plane  60  feet  into  the  tube. 

The  temperature  in  the  center  of  the  ramp  is  also  plotted  on  Figure  45b, 
an  approximate  indication  of  tube  centerline  gas  temperature  at  the  tube 
exit.  Figure  45c  shows  the  variation  of  the  tube  wall  metal  temperature 
at  different  circumferential  locations  both  30  n?id  60  feet  into  the  aug¬ 
menter  tube. 

To  keep  from  cluttering  the  plots,  not  all  data  points  are  shown. 

Test  Bay  Air  Velocities 

Figures  46  through  64  are  schematics  of  l;he  test,  bay  portion  of  the 
test  cell.  The  tcp  schematic  shows  a  side  view;  the  bottom  schematic 
shows  the  top  view.  A  serins  of  vectors  has  been  drawn  on  each  of  these 
figures.  The  length  of  these  vectors  is  proport.  iona  1  to  the  air  velocity 


measursd  with  the  anemometers.  The  magnitude  of  the  air  velocity  in 
feet  per  second  is  printed  alongside  each  vector.  Locations  are  defined 
by  the  tail  of  the  "arrow"  in  the  side  view  and  the  "cross"  in  the  top 
view.  Velocities  are  parallel  to  the  tube  centerline. 


T-lb  TEST  CELL  AEROTHERHAL  PERFORMANCE  SUMMARY 

There  were  no  aerothermal  problems  observed  and  none  are  anticipat¬ 
ed  for  any  of  the  engines  that  were  tested.  Except  for  excessive  noise 
from  the  stack  being  propagated  directly  aft,  all  design  objectives  set 
for  the  T-10  test  cell  were  met.  (Noise  levels  will  be.  discussed  in  a 
separate  report.) 

General 

The  throttle  plate  decreases  augmentaMon  ratio  by  about  10%.  Its 
effect  on  test  cell  performance  appears  to  be  negligible. 

Augmentation  ratios  at  military  and  afterburner  power  settings 
ranged  from  6.3  to  13  4.  The  engine  exhaust  flow  and  the  augmentation 
air  mixed  effectively  without  premature  attachment  to  the  wall.  About 
60%  of  the  Intake  flow  was  drawn  in  through  the  primary  intake  and  40% 
through  the  secondary.  This  airflow  split  remained  approximately 
constant  regardless  of  power  setting,  engine  type,  or  with  or  without 
the  throttle  plate. 

Based  on  one  incident  with  the  J52,  the  test  cell  is  sensitive  to 
engine  alignment.  (See  comments  that  follow.) 

Nearly  all  maximum  pressures,  temperatures,  and  velocities  occurred 
while  testing  the  TF30  at  A/B.  Maximum  mass  flow  rates  were  generated 
by  the  TF41. 

Cell  Depression 

The  maximum  cell  depression  recorded  was  about  1.0  inches  of  water 
measured  near  the  test  bay  wall  just  outside  the  control  room.  The  cor¬ 
relation  team  observed  a  maximum  cell  depression  of  0.75  inches  of  water* 
(see  comments  that  follow). 

Air  Velocities  at  the  Jet  Intake 

The  maximum  engine  Intake  velocity  observed  was  36  ft/sec,  near  the 
center  of  the  nacelle  about  10  feet  directly  in  front  of  the  engine. 

This  was  as  close  as  the  anemometers  were  placed. 


*NAPC  LR-87-8.  Final  Report:  Jet  engine  test  cell  correlation.  Naval 
Air  Station,  Cubl  Point,  Republic  of  the  Philippines,  31  Mar  1987. 
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Test  Bay  Air  Velocities 

Air  velocity  reached  a  maximum  40  ft;/snc.  insldn  the  test  bay. 
Velocities  of  about  this  magnitude  wore  observed  nl.  several  locatlon.s: 
in  front  of  the  primary  air  inlet,  down  tlie  side  of  the  test,  bay,  and 
over  the  top  of  the  engine. 

The  flow  in  the  test  bay  was  steady,  evenly  d '  s  t.r  ibuted,  and  free 
of  eddies  or  recirculation.  There  was  no  indication  of  any  hot  flow 
reversal,  i.e.,  engine  exhaust  entering  the  test  bay. 

Augimenter  Tube  Wall  Temperatures 

The  highest  tube  wall  (skin)  temperature,  observed  was  580  “F 
reached  during  A/B  testing  of  the  TF30.  As  sliown  on  Figure  20,  this 
maximum  occurs  very  near  the  end  of  the  tube.  At  military  power,  the 
wall  temperature  reached  a  maximum  of  180  °F.  Ramp  temperatures  reached 
about  470  and  180  at  A/B  and  military  power,  respectively.  Durations 
of  the  afterburner  runs  were  only  about  30  seconds,  however,  and  tempera¬ 
tures  were  still  rising.  For  prolonged  afterburner  runs  with  the  TF30 
engine,  it  is  estimated  that  temperatures  on  the  augmenter  wall  and  stack 
tamp  would  reach  750  to  800  °F. 

Augmenter  tube  walls  were,  slightly  cooler  wil.h  the  throttle  plate 
removed,  perhaps  25  degrees  cooler  when  testing  the  TF30  at  A/B. 

Augmenter  Tube  Pressures 

The  pressure  difference  across  the  tube  wall,  outside  to  inside, 
reached  about  5.5  Inches  of  water. 


C0MMF.NTS 

Weather  did  not  influence  the  testr..  Weather  corulitions  encoun¬ 
tered  during  the.  correlation  tests  are,  summarized  iu  Appendix  F. 

The  static  pressure  measured  in  the  test  bay  v.ariod  by  as  much  as 
100%  between  the  probe  located  outside  the  control  room  and  the  one 
beneath  the  secondary  inlet.  T.ocation  of  the  probe  used  to  meastire  cell 
depression,  therexore,  can  be  expected  to  strongly  influence  the  pressures 
encountered.  Cell  depression,  even  at  the  same  local:  ion,  fluctuated 
greatly,  particularly  at  high  power  settings.  An  examination  of  Table  C-3 
is  enlightening.  Instantaneous  values  of  coll  depression  are.  probably 
meaningless  as  indicators  of  test  cell  performance. 

The  jet  was  skewed  slightly  upward  and  to  the  left.  This  has  no 
apparent  effect  on  the  engine  performance,  nor  is  lliere  significant 
effect  on  the  structural  temperatures  or  other  design  parameters.  How¬ 
ever,  there  is  academic  interest  in  determining  whelher  the  cause  is 
simply  due  to  engine  misalignment,  or  whether  there  is  some  secondary 
flow  effect,  such  as  spin  of  the  exhaust  ns  it  leaves  the  nozzle,  which 
should  be  included  in  analytical  flow  moHel.s. 

During  one  of  the  early  ,152  runs,  the  test,  si  and  was  misaligned. 

The  misalignment  was  detected  during  the.  suhseqiieut.  runs  and  corrected. 
This  provided  an  opportunity  to  sl.ndy  the.  effects  of  engine  alignment  on 
the  aerothermal  behavior  of  the  augmenter  tube.  ’I'he  difference  in  yaw 
of  the  test  engine  between  the  nligiie.fi  ami  misaligned  runs  was  determined 
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by  measuring  the  distance  between  the  "feet"  of  the  test  stand  and  the 
grate  located  along  the  centerline  of  the  test  bay.  A  yaw  of  2.3  degrees 
to  the  left  (when  standing  in  the  augmenter  and  facing  the  engine)  was 
measured  for  the  misaligned  runs;  this  same  angle  was  l.O-dogrees  after 
the  engine  was  aligned.  Only  the  difference  is  pertinent;  a  1.0-degree 
yaw  relative  to  the  grate  does  not  necessarily  represent  perfect  align¬ 
ment  with  the  centerline  of  the  augmenter  tube. 

Alignment  of  the  jet  has  a  strong  Influence  on  augmenter  tube  flow 
characteristics,  stronger  than  geometrical  considerations  would  suggest. 
Figures  23,  38,  and  E-la,b  were  developed  to  see  how  far  the  jet  is  dis¬ 
placed  by  a  known  misalignment  of  the  engine.  Figure  38  is  particularly 
informative.  It  shows  the  center  of  the  jet  being  shifted  about  2.5 
feet  by  the  extra  1.3  degree  misalignment  when  measured  30  feet  down  the 
jugmenter  tube.  Trigonometry  predicts  a  1.1-foot  radial  deflection. 


Table  1. 

NAS  Cubi 

Point  T-10  Test  Cell 

Air  Flow 

Summary 

m 

With 

Tnrottle  Plate 

Without 

Throttle  Plate 

H 

1 

Power 

Setting 

Primary 
Inlet 
( Ib/sec) 

Secondary 
Inlet 
( Ib/sec) 

Aug 

Ratio 

Primary 
Inlet 
( Ib/sec) 

Secondary 
Inlet 
( Ib/sec) 

Aug 

Ratio 

Mil 

900 

625 

in 

■srh 

840 

790 

mSm 

910 

750 

WSM 

920 

700 

10.8 

85% 

775 

570 

680 

490 

Idle 

300 

210 

295 

190 

J52- 

Mil 

1020 

850 

11.8 

P-408 

1010 

870 

11.9 

1020 

840 

11.7 

85% 

740 

610 

780 

600 

Idle 

310 

230 

330 

230 

325 

230 

310 

220 

TF41- 

Mil 

1170 

890 

7.2 

1240 

990 

7.8 

A-2C 

1130 

825 

6.8 

1235 

935 

7.6 

1140 

815 

6.8 

1235 

890 

7.4 

1220 

890 

7.4 

85% 

730 

580 

800 

650 

Idle 

245 

205 

320 

240 

280 

190 

270 

210 

TF30- 

A/B 

1020 

760 

6.3 

1160 

880 

7.1 

P-414A 

1030 

810 

6.6 

1150 

910 

7.2 

1030 

790 

6.5 

1140 

910 

7.2 

1020 

830 

6.6 

1155 

880 

7.1 

1030 

830 

b.l 

1135 

875 

7.0 

1020 

820 

6.5 

1170 

880 

7.2 

1030 

800 

6.5 

1040 

830 

6.7 

Mil 

1050 

890 

6.8 

1200 

945 

7.6 

1180 

990 

7.7 

85% 

640 

550 

720 

580 

Idle 

300 

210 

_ 1 

340 

240 

(Continued) 
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Table  1.  (Continued) 


Engine 

Power 

Setting 

With 

Throttle  Plate 

Without 

Throttle  Plate 

Primary 
Inlet 
( Ib/sec) 

Secondary 
Inlet 
( Ib/sec) 

Aug 

Ratio 

Primary 

Inlet 

(Ib/sec) 

Secondary 
Inlet 
( Ib/soc) 

Aug 

Ratio 

FA  04- 

A/B 

870 

12.3 

1120 

900 

13.4 

GE-400 

800 

12.0 

1100 

870 

13.1 

855 

12.3 

1095 

810 

12.6 

1105 

840 

12.9 

1100 

880 

13.2 

Mil 

990 

820 

11.9 

1080 

910 

13.2 

1080 

800 

12.4 

1030 

860 

12.5 

1000 

810 

11.9 

85% 

595 

545 

680 

570 

640 

500 

800 

525 

Idle 

245 

125 
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Table  2.  NAS  Cubi  Point  T-10  Test  Cell  Depression  Summary 


Engine 

Power 

Setting 

With  Throttle  Plate 

Without  Throttle  Plate 

Total  Inlet 
Airflow 
(Ib/sec) 

Cell 

Depression 
(in.  water) 

Total  Inlet 
Airflow 
(Ib/sec) 

Cell 

Depression 
(in.  water) 

J52- 

Mil 

1525 

0.56 

P-8B 

1630 

1660 

0.55 

85% 

1345 

0.15 

Idle 

510 

0.040 

J52- 

Mil 

1870 

0.52 

P-408 

1880 

0.78 

1860 

0.83 

85% 

1350 

0.39 

1380 

0.35 

Idle 

540 

560 

555 

540 

0.039 

TF41- 

Mil 

2060 

0.58 

2230 

A-2C 

1955 

0.72 

2140 

1955 

0,75 

2125 

2110 

85% 

1310 

0.31 

1450 

0.54 

Idle 

450 

0.031 

560 

0.0058 

470 

0.039 

480 

0.038 

TF30 

A/B 

1780 

0.56 

2040 

0.53 

P-414A 

1840 

0.72 

0.70 

1820 

0,84 

2050 

0.53 

0.59 

2030 

0.54 

1860 

0.42 

2010 

1840 

0.69 

2050 

1.00 

1830 

0.69 

1870 

Mil 

1940 

0.66 

2145 

0.64 

2170 

0.74 

85% 

1190 

0.38 

1300 

0.26 

Idle 

510 

0.055 

580 

F404- 

A/B 

1870 

2020 

GE-400 

1820 

1970 

1860 

1905 

0,24 

1945 

0.32 

Mil 

1810 

1980 

0.46 

1880 

0.  74 

1990 

85% 

Idle 
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Figure  1.  Front  view  of  Standard  T-10  Lest  rell  at  NAS  Cubi  Point 


Figure  2.  Rear  view  of  Standard  T-10  test  cell  at  NAS  Cubi  Point 
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Figure  3.  Conponents  of  the  standard  Navy  test  cell,  NAS  Cubl  Point. 


total  inlet 


NOTES: 

(1)  PRESSURES  MEASURED  ON  TEST  BAY  WALL  NEAR  CONTROL  ROOM 

(2)  CELL  DEPRESSION  DEHNED  AS  ABSOLUTE  VALUE  OT 
RELATIVE  PRESSURE  INSIDE  TEST  BAY 

❖  J52-P-86  WITH  throttle  PLATE 
©  J52 -P-408  WITH  throttle  PLATE 
A  Tr4l-A-2C  WITH  throttle  PLATE 

A  Tr4|-A-2C  WITHOUT  throttle  PLATE 
■  Tr30-P-4I4A  WITH  throttle  PLATE 
□  Tr30-P-4|4A  WITHOUT  THROTTLE  PLATE 

•  r404-GE-400  WITH  throttle  PLATE 

O  r404-GE-400  without  throttle  plate 

INLET  AIRELOW  =  239 0  SQRT(CELL  DEPRESSIONS 


NOTE; 

AVERAGED  OVER  56  SECONDS 

MEASURED  11/11/86 

•  ALONG  VERTICAL  TUBE  DIAMETER 
A  ALONG  HORIZONTAL  TUBE  DIAMETER 


(A)  30  FT  DOWN  THC  TUBt.  48  FT  FROM  tNGlNt  NOZZLt 


(B)  60  FT  DOWN  THC  TUBC;  78  FT  FROM  CNGINC  NOZZLC 


TOP 

OR 

STARBOARD 


CCNTCR 

Al/CMCNTCR  TUBC  DIAMCTCR.  FT 


BOTTOM 

OR 

PORT 


Figure  5.  Velocity  profiles  across  augmentcr  tube  while  testing 
J52-P-A08  at  Mil  with  throttle  plate. 
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NOTE: 

AVERAGED  OVER  66-SECOND  BURN 

MEASURED  11/12/86 

•  ALONG  VERTICAL  TUBE  DIAMETER 
A.  ALONG  HORIZONTAL  TUBE  DIAMETER 


(A)  30  FT  DOWN  THC  TUBE,  45  3  TT  TPOM  ENGINE  NOZZLE 


fJguro  6.  Velocity  profiles  across  augmenter  tube  while  testing 
TF41-A-2C  at  Mil  with  throttle  plate. 
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CITY,  TT/SEC 


NOTE: 

AVERAGED  OVER  55  SECONDS 


MEASURED  11/12/86 

•  ALONG  VERTICAL  TUBE  DIAMETER 
A  ALONG  HORIZONTAL  TUBE  DIAMETER 


(A)  30  rr  DOWN  THE  TUBE.  45.3  FT  FROM  ENGINE  NOZZLE 


(8)  60  FT  DOWN  THE  TUBE;  75.3  FT  FROM  ENGINE  NOZZLE 


Figure  7.  Velocity  profiles  across  augmentcr  tube  while  testing 
TF41-A-2C  at  85%  with  throttle  plate. 
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NOTE: 

AVERAGED  OVER  60  SECONDS 

MEASURED  11/12/86 

•  ALONG  VERTICAL  TUBE  DIAMETER 
A  ALONG  HORIZONTAL  TUBE  DIAMETER 


(A)  30  rr  DOWN  THC  TU8C.  45  3  TT  FROM  CNGINE  NOZZLt 


(B)  60  FT  DOWN  THE  TUBE;  75. 3  FT  FROM  ENGINE  NOZZLE 


TOP 

OR 

STARBOARD 


CENTER 

AUGMENTER  TUBE  DIAMETER.  FT 


BOTTOM 

OR 

PORT 


Figure  8.  Velocity  profiles  across  augmnnter  tube  while  testing 
TF41-A-2C  at  Idle  with  throttle  plate. 
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GAS  VELOCITY.  TT/SCC 


NOTES: 

(1)  AVERAGED  OVER  A  30-SECOND  BURN 

(2)  60  FT  DOWN  THE  TUBE;  75.3  FT  FROM  ENGINE  NOZZLE 

MEASURED  11/19/86 

•  ALONG  VERTICAL  TUBE  DIAMETER 
▲  ALONG  HORIZONTAL  TUBE  DIAMETER 


OR  AUCMCNTER  TUBC  DIAMCTCR,  rr  OR 


STARBOARD  PORT 

Figure  9.  Velocity  profile  across  ougmenter  Lube  while  testing 
TFA1-A-2C  at  Mil  without  throttle  plate. 
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NOTES: 

(1)  30-SECOND  BURN 

(2)  NOZZLE  AND  TUBE  ALIGNED  TO  WITHIN  2  INCHES 

MEASURED  11/14/86 

•  ALONG  VERTICAL  TUBE  DIAMETER 
A  ALONG  HORIZONTAL  TUBE  DIAMETER 


(A)  30  rr  DOWN  THC  TU8C.  4S  I  TT  TROM  ENGINE  NOZZLE 


TOP  CCNfCR 

OR 

STARBOARD  augmcnter  tube  oiAMcrcR,  rr 


BOTTOM 

OR 

PORT 


Figure  10.  Velocity  profiles  across  augmenter  tube  while  testing 
TF30-P414A  at  A/D  with  throttle  plate. 
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GAS  VELOCiTy.  FT/SEC  GAS  VELOCITY,  FT/SEC 


NOTE: 

AVERAGED  OVER  60  SECONDS 


MEASURED  11/14/86 

•  ALONG  VERTICAL  TUBE  DIAMETER 
A  ALONG  HORIZONTAL  TUBE  DIAMETER 


(A)  30  FT  DOWN  THE  TUBE;  43.1  FT  FROM  ENGINE  NOZZLE 


50-1 - 1 - 

0  2 

- 1 - 1  “  “  "I - 1 - 

4  •  a  10 

CENTER 

\2 

1 

BOTTOM 

TOP 

OR 

AUGMENTER  TUBE  DIAMETER,  TT 

OR 

STARBOARD 

PORT 

Figure  11.  Velocity  profiles  across  augmenter  tube  while  testing 
TF30-P-414A  at  Mil  with  throttle  plate. 
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VELOCITY.  TT/SEC  GAS  VELOCITY,  FT/SEC 


NOTE: 

AVERAGED  OVER  65  SECONDS 


MEASURED  11/14/86 

•  ALONG  VERTICAL  TUBE  DIAMETER 
A  along  horizontal  TUBE  DIAMETER 


(A)  30  FT  DOWN  THE  TUBE.  431  FT  FROM  ENGINE  NOZZLE 


(e)  60  FT  DOWN  THE  TUBE;  73.1  FT  FROM  ENGINE  NOZZLE 


OR  AUGMENTER  TUBE  DIAMETER,  FT  OR 

STARBOARD  PORT 


Figure  12.  Velocity  profiles  across  augmenter  tube  while  testing 
TF.T0-P-41AA  at  85%  with  throttle  plate. 
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NOTE; 

AVERAGED  OVER  60  SECONDS 

MEASURED  11/14/86 

•  ALONG  VERTICAL  TUBE  DIAMETER 
A  ALONG  HORIZONTAL  TUBE  DIAMETER 


TOP 

OR 

STARBOARD 


CCNrtR 

NrtR  TUet  DIAMtTGR,  TT 


BOTTOM 

OR 

PORT 


^F-f^Jure  13.  Velocity  profiles  across  augmenter  tube  while  testing 
TF30-P-414A  at  idle  with  throttle  plate. 
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S  VtLOCiT 


NOTES: 

(1)  AVERAGED  OVER  A  30-SECONO  BURN 

(2)  60  FT  DOWN  THE  TUBE;  75.3  FT  FROM  ENGINE  NOZZLE 

MEASURED  11/18/86 

•  ALONG  VERTICAL  TUBE  DIAMETER 
A  ALONG  HORIZONTAL  TUBE  DIAMETER 


u 

LJ 


< 

o 


0  2  4  •  »  10  12 


TOP 

OR 

STARBOARD 


CCNTEB 

AUGMCNTCR  TU9C  DIAMCTCR,  TT 


BOTTOM 

OR 

PORT 


Figure  14.  Velocity  profile  across  augmentci  tube  wlille  testing 
TF30-P414A  at  A/B  without  throttle  plate. 


CAS  VELOCITY.  FT/SEC 


(1)  AVERAGED  OVER  60-SEC0N0  RUN 

(2)  60  FT  DOWN  THE  TUBE;  73.1  FT  FROM  ENGINE  NOZZLE 

MEASURED  11/18/86 

•  ALONG  VERTICAL  TUBE  DIAMETER 
A  ALONG  HORIZONTAL  TUBE  DIAMETER 


OR 

STARBOARD 


AUCMENTCR  TUBE  DIAMETER,  FT 


OR 

PORT 


Figure  15.  Velocity  profiles  across  augmenter  tube  while  testing 
TF30”P"414A  at  Mil  without  throttle  plate. 
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NOTE: 

AVERAGED  OVER  30-SECOND  BURN 
MEASURED  11/11/86 

•  ALONG  VERTICAL  TUBE  DIAMETER 
A  ALONG  HORIZONTAL  TUBE  DIAMETER 


(A)  30  rr  DOWN  ThC  TUflt,  45  7  fT  TROM  CNCINC  NOZZLC 


(0)  60  rr  DOWN  thc  rvic,  75.7  rr  from  cncinl  nozzlc 


TOP 

OH 

STARBOARD 


ccwrtR 

AUGMCMfLR  fUeC  OIAMCTCR.  FT 


BOTTOM 

OR 

PORT 


Figure  16.  Velocity  profiles  across  augmenter  tube  while  testing 
F404-GE-400  at  A/B  with  throttle  plate. 
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NOTE: 

AVERAGED  OVER  38  SECONDS 

MEASURED  11/11/86 

•  ALONG  VERTICAL  TUBE  DIAMETER 
ALONG  HORIZONTAL  TUBE  DIAMETER 


(A)  30  FT  DOWN  THE  TUBE.  45.7  FT  FROM  ENGINE  NOZZLE 


(B)  60  FT  DOWN  THE  TUBE;  75.7  FT  FROM  ENGINE  NOZZLE 


TOP  CENTER  BOTTOM 

AUGMENTER  TUBE  DIAMETER,  FT 

STARBOARD  PORT 


Figure  17.  Velocity  profiles  across  augmenter  tube  while  testing 
F404-GE-400  at  Mil  with  throttle  plate. 
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GAS  VCLOCITY,  FT/SEC 


NOTES: 

(1)  AVERAGED  OVER  A  30-SECOND  BURN 

(2)  60  FT  DOWN  THE  TUBE;  75.7  FT  FROM  ENGINE  NOZZLE 

MEASURED  11/19/86 

•  ALONG  VERTICAL  TUBE  DIAMETER 
ALONG  HORIZONTAL  TUBE  DIAMETER 


STARBOARD  PORT 

Figure  18.  Velocity  profiles  across  augmenter  tube  while  testing 
FA04-GE-400  at  A/B  without  throttle  plate. 
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NOTE: 

INSTANTANEOUS  VALUES 

MEASURED  11/12/86  (W/THROTTLE) ,  11/19/86  (W/0  THROTTLE) 
X  AT  TOP  OF  TUBE 
A  AT  BOTTOM  OF  TUBE 
□  STARBOARD  SIDE 
•  PORT  SIDE 


(A)  WITH  THROTTLE  PLATE 


(B)  WITHOUT  THROTTLE  PLATE 


Figure  19.  Wall  temperatures  along  augmenter  tube  while  testing 
TF41-A-2C  at  Mil. 
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NOTE: 

INSTANTANEOUS  VALUES;  RECOROEO  NEAR  THE  END  OF  A  30-SECOND  BURN 


MEASURED  11/14/86  (W/THROFTLE) ,  11/18/86  (W/0  THROTTLE) 
X  AT  TOP  OF  TUBE 
A.  AT  BOTTOM  OF  TUBE 
□  STARBOARD  SIDE 
•  PORT  SIDE 
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Figure  20.  Wall  temperatures  along  augmenter  tube  while  testing 
TF30-P-414A  at  A/B. 
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WALL  TEMPERATURE.  DEG  F  WALL  TEMPERATURE.  DEG  F 


NOTE: 

INSTANTANEOUS  VALUES;  RECORDED  NEAR  END  OF  2-MINUTE  RUN 

MEASURED  11/14/86  (W/THROTTLE) .  11/18/86  (W/O  THROTTLE) 
X  AT  TOP  OF  TUBE 
A  AT  BOTTOM  OF  TUBE 
□  STARBOARD  SIDE 
•  PORT  SIDE 
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(A)  WITH  THROTTLE  PLATE 


(B)  WITHOUT  THROTTLE  PLATE 

Figure  21.  Wall  temperatures  along  augmenter  tube  while  testing 
1T30-P-414A  at  Mil. 
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TEMPERATURE,  DEG  r  TEMPERATURE 


NOTE; 

INSTANTANEOUS  VALUES;  RECORDED  NEAR  THE  END  OF  A  30-SECOND  BURN 

MEASURED  11/11/86  (W/THROTTLE),  11/19/86  (W/0  THROTTLE) 

X  AT  TOP  OF  TUBE 
A  AT  BOTTOM  OF  TUBE 
□  STARBOARD  SIDE 
•  PORT  SIDE 
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Figures  22.  Wall  temperatures  along  augmenter  tube  while  testing 
F404-GE-A00  at  A/P. 
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(1)  J52-P-8B  AT  MIL 

(2)  WITH  THROTTLE  PLATE 

(A)  MISALIGNED  2.3  DEGREES  TO  THE  LEFT 

■  AT  TOP  OF  TUBE 
A  AT  BOTTOM  OF  TUBE 
a  STARBOARD  SIDE 
•  PORT  SIDE 


(B)  MISALIGNED  1.0  DEGREES  TO  THE  LEFT 

□  AT  TOP  OF  TUBE 
A  AT  BOTTOM  OF  TUBE 
X  STARBOARD  SIDE 
O  PORT  SIDE 


DISTANCE  ALONG  AUGMCNTER  TUBE.  TF 


Figure  23.  Effect  of  engine  misal ignment  on  augmenter  tube  wall 
temperatures . 


(1)  AVERAGED  OVER  A  30-SECOND  BURN 

(2)  RAMP  TEMPS  AND  THOSE  MEASURED  AT  STARBOARD,  PORT,  AND  BOTTOM 
OF  TUBE  DIAM  ARE  WALL  SURFACE  VALUES;  ALL  OTHERS  ARE  GAS  TEMPS 

MEASURED  11/14/86 


•  ALONG  VERTICAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 
^  ALONG  HORIZONTAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 


(A)  30  rr  DOWN  THC  rUBC,  43.  J  rr  trom  cncinc  nozzll 


OR 

STARBOARD 


AUCMCNTCR  TUBC  OR  RAMP  DIAMCTCR,  TT 


OR 

PORT 


Figure  24.  Temperature  profiles  across  augmenter  tube  and  ramp  while 
testing  TF30'P-414A  at  A/D  with  throttle  plate. 


NOTES: 

(1)  AVERAGED  OVER  A  60-SEC0N0  BURN 

(2)  RAMP  TEMPS  AND  THOSE  MEASURED  AT  STARBOARD,  PORT,  AND  BOTTOM 
OF  TUBE  OIAM  ARE  WALL  SURFACE  VALUES;  ALL  OTHERS  ARE  GAS  TEMPS 

MEASURED  11/14/86 

•  ALONG  VERTICAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 
A  ALONG  HORIZONTAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 


(A)  30  rr  DOWN  THC  TU8C.  431  FT  FROM  ENCINt  NOZZLE 


OR  OR 

STARBOARD  augmenter  tube  OR  ramp  diameter,  ft  PORj 

Figure  25.  Temperature  profiles  across  augmenter  tube  and  ramp  while 
testing  TF30-P-414A  at  Mil  with  throttle  plate. 
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NOTES: 

(1)  AVERAGED  OVER  A  70-SECOND  BURN 

(2)  RAMP  TEMPS  AND  THOSE  MEASURED  AT  STARBOARD,  PORT.  AND  BOTTOM 
OF  TUBE  DIAM  ARE  WALL  SURFACE  VALUES;  ALL  OTHERS  ARE  GAS  TEMPS 

MEASURED  11/14/86 

•  ALONG  VERTICAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 
A  ALONG  HORIZONTAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 

(A)  30  rr  DOWN  THL  TUBE.  43  1  TT  TROM  ENGINE  NOZZLE 


TOP  CENTER  BOTTOM 

OR  OR 

STARBOARD  augmenter  tube  or  ramp  diameter,  tt  PORt 

Flgurn  26.  Temperature  profiles  across  augmenter  Lube  and  ramp  while 
testing  TF30-P-41^A  at  85%  with  throttle  plate. 


36 


NOTES: 

(1)  AVERAGED  OVER  A  80-SECOND  RUN 

(2)  RAMP  TEMPS  AND  THOSE  MEASURED  AT  STARBOARD,  PORT,  AND  BOTTOM 
OF  TUBE  DIAM  ARE  WALL  SURFACE  VALUES;  ALL  OTHERS  ARE  GAS  TEMPS 

MEASURED  11/14/86 

•  ALONG  VERTICAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 
A  ALONG  HORIZONTAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 


(A)  io  rr  DOWN  THL  ruse,  43.1  rr  from  lnginl  nozzll 


OR  OR 

STARBOARD  ajcmcntcr  tubc  OR  ramp  diamctelr,  rr  PqI^j 

Figure  27.  Tempernture  profiles  across  augmenter  tube  and  ramp  while 
testing  TF30-P-414A  at  idle  with  throttle  plate. 
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NOTES: 

(1)  AVERAGED  OVER  A  37-SECOND  RUN 

(2)  RAMP  TEMPS  AND  THOSE  MEASURED  AT  STARBOARD,  PORT,  AND  BOTTOM 
OF  TUBE  DIAM  ARE  WALL  SURFACE  VALUES;  ALL  OTHERS  ARE  GAS  TEMPS 

MEASURED  11/18/86 

•  ALONG  VERTICAL  TUBE  OIAM  OR  RAMP  PROJECTED  SURFACE 
A  ALONG  HORIZONTAL  TUBE  OIAM  OR  RAMP  PROJECTED  SURFACE 


(A)  60  rr  DOWN  THt  rjBC;  73.1  TT  TROM  CNGINC  NOZZLC 


(B)  EXHAUST  RAMP  PROJECTED  TO  VERTICAL  PLANE 


STARBOARD  AUGMENTER  TUBE  OR  RAMP  DIAMETER,  TT  PORT 


Figure  28.  Temperature  profiles  ncross  nugmenter  Lube  and  ramp  while 
testing  TF30-P-414A  at  A/B  wtthoiit  throttle  plate. 
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NOTES: 

(1)  AVERAGED  OVER  A  59-SECOND  RUN 

(2)  RAMP  TEMPS  AND  THOSE  MEASURED  AT  STARBOARD,  PORT,  AND  BOTTOM 
OF  TUBE  DIAM  ARE  WALL  SURFACE  VALUES;  ALL  OTHERS  ARE  GAS  TEMPS 

MEASURED  11/18/86 

•  ALONG  VERTICAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 
A.  ALONG  HORIZONTAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 


(A)  60  rr  DOWN  thc  raec;  73  t  rr  trom  cnginc  nozzlc 


(B)  CXHAUSr  RAMP  PROJ£CrtO  TO  VERTICAL  PLANE 


OR 

STARBOARD 


AUCMENTER  TUBE  OR  RAMP  DIAMETER,  TT 


OR 

PORT 


Figure  29.  Temperature  profiles  across  augmentor  Lube  and  ramp  while 
tenting  TF30-P-414A  at  Mil  without  throttle  plate. 
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NOTES: 

(1)  AVERAGED  OVER  A  60-SECOND  RUN 

(2)  RAMP  TEMPS  AND  THOSE  MEASURED  AT  STARBOARD,  PORT,  AND  BOTTOM 
OF  TUBE  OIAM  ARE  WALL  SURFACE  VALUES;  ALL  OTHERS  ARE  GAS  TEMPS 

MEASURED  11/18/86 

•  ALONG  VERTICAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 
^  ALONG  HORIZONTAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 


(A)  60  FT  DOWN  THC  TUBC;  73  t  FT  FROM  CNGiNt  NOZZLE 


(B)  EXHAUST  RAMP  PROJECTED  TO  VERTICAL  PLANE 
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Flgurft  30.  Temporflture  profllps  Across  sngmcntri  Lnho  and  ramp  while 
testing  TF30-r-414A  at  without  throttle  plate. 
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NOTES: 

(1)  AVERAGED  OVER  A  26-SECOND  BURN 

(2)  RAMP  TEMPS  AND  THOSE  MEASURED  AT  STARBOARD,  PORT,  AND  BOTTOM 
OF  TUBE  DIAM  ARE  WALL  SURFACE  VALUES;  ALL  OTHERS  ARE  GAS  TEMPS 

MEASURED  11/11/86 


•  ALONG  VERTICAL  TUBE  OIAM  OR  RAMP  PROJECTED  SURFACE 
^  ALONG  HORIZONTAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 

(A)  30  rr  DOWN  THC  TUeC;  4S  7  FT  rROM  ENGINE  NOZZLE 


OR 

STARBOARD 


Al/GMENTER  TUBE  OR  RAMP  DIAMETER,  FT 


OR 

PORT 


Figure  31.  Temperature  profiles  across  augmenter  tube  and  ramp  while 
testing  F404-GF.-A00  at  A/B  with  throttle  plate. 
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NOTES: 

(1)  AVERAGED  OVER  A  92-SECOND  RUN 

(2)  RAMP  TEMPS  AND  THOSE  MEASURED  AT  STARBOARD,  PORT,  AND  BOTTOM 
OF  TUBE  DIAM  ARE  WALL  SURFACE  VALUES;  ALL  OTHERS  ARE  GAS  TEMPS 

MEASURED  11/11/86 

•  ALONG  VERTICAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 
ALONG  HORIZONTAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 

(A)  30  n  DOWN  THE  TUBE;  45.7  FT  EROM  ENGINE  NOZZLE 


OR  OR 

STARBOARD  aucmenter  tube  or  ramp  diameter,  tt  PqI^ 


Figure  32.  Temperature  profiles  across  augmenter  tube  and  ramp  while 
testing  F40A-GE-400  at  Mil  with  throttle  plate. 


42 


NOTES: 

(1)  AVERAGED  OVER  A  42-SECOND  RUN 

(2)  RAMP  TEMPS  AND  THOSE  MEASURED  AT  STARBOARD,  PORT,  AND  BOTTOM 
OF  TUBE  DIAM  ARE  WALL  SURFACE  VALUES;  ALL  OTHERS  ARE  GAS  TEMPS 

MEASURED  11/11/86 


•  ALONG  VERTICAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 
A  ALONG  HORIZONTAL  TUBE  OIAM  OR  RAMP  PROJECTED  SURFACE 


(A)  30  rr  DOWN  THC  TUBE;  45.7  FT  FROM  LNGINE  NOZZLE 


OR 

STARBOARD 


AUGMENTER  TUBE  OR  RAMP  DIAMETER,  FT 


OR 

PORT 


Figure  33.  Temperature  profiles  across  augmenter  Lube  and  ramp  while 
testing  F404-GF.-400  at  85%  with  throttle  plate. 
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NOTES: 

(1)  AVERAGED  OVER  A  52-SECONO  BURN 

(2)  RAMP  TEMPS  AND  THOSE  MEASURED  AT  STARBOARD,  PORT,  AND  BOTTOM 
OF  TUBE  DIAM  ARE  WALL  SURFACE  VALUES;  ALL  OTHERS  ARE  GAS  TEMPS 

MEASURED  11/11/86 

•  ALONG  VERTICAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 
A  ALONG  HORIZONTAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 

(A)  30  FT  DOWN  THE  TUBE;  45.7  FT  FROM  ENGINE  NOZZLE 


Figure  34.  Temperature  profiles  across  augmenter  tube  and  ramp  while 
testing  F404-GE-400  at  idle  with  throttle  plate. 
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NOTES: 

(1)  AVERAGED  OVER  A  27-SECONO  RUN 

(2)  RAMP  TEMPS  AND  THOSE  MEASURED  AT  STARBOARD.  PORT,  AND  BOTTOM 
OF  TUBE  DIAM  ARE  WALL  SURFACE  VALUES;  ALL  OTHERS  ARE  GAS  TEMPS 

MEASURED  11/19/86 

•  ALONG  VERTICAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 
A.  ALONG  HORIZONTAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 


(A)  60  rr  DOWN  THC  TUeC;  75.7  FT  FROM  CNCINE  NOZZLE 


(B)  EXHAUST  RAMP  PROJECTED  TO  VERTICAL  PLANE 


TOP  CENTER  BOTTOM 

OR  OR 

STARBOARD  aucmenter  tube  or  ramp  diameter,  ft  PORT 


Figure  35.  Temperature  profiles  across  augmenter  tube  and  ramp  while 
testing  F404-GE-400  at  A/B  with  out  throttle  plate. 
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WALL  TEMPERATURE,  DEG  F  TEMPERATURE,  DEG  F 


NOTES: 

(1)  AVERAGED  OVER  A  73-SECOND  RUN 

(2)  RAMP  TEMPS  AND  THOSE  MEASURED  AT  STARBOARD,  PORT,  AND  BOTTOM 
OF  TUBE  DIAM  ARE  WALL  SURFACE  VALUES;  ALL  OTHERS  ARE  GAS  TEMPS 

MEASURED  11/19/86 

•  ALDNG  VERTICAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 
A  ALDNG  HORIZONTAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 


{k)  60  FT  DOWN  THE  TUBE;  75.7  FT  FROM  ENGINE  NOZZLE 


(8)  EXHAUST  RAMP  PROJECTED  TO  VERTICAL  PLANE 


OR  OR 

STARBOARD  augmenter  tube  or  ramp  diameter,  ft  PqI^j 

Figure  36.  TemperAture  profiles  across  augmenter  tube  and  ramp  while 
testing  F404-GE-400  at  Mil  with  out  throttle  plate. 
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NOTES: 

(1)  AVERAGED  OVER  A  60-SECOND  RUN 

(2)  RAMP  TEMPS  AND  THOSE  MEASURED  AT  STARBOARD.  PORT,  AND  BOTTOM 
OF  TUBE  DIAM  ARE  WALL  SURFACE  VALUES;  ALL  OTHERS  ARE  GAS  TEMPS 

MEASURED  11/19/86 

•  ALONG  VERTICAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 
A  ALONG  HORIZONTAL  TUBE  DIAM  OR  RAMP  PROJECTED  SURFACE 


(A)  60  FT  DOWN  THE  TUBE;  75. 7  FT  FROM  ENGINE  NOZZLE 


(B)  EXHAUST  RAMP  PROJECTED  TO  VERTICAL  PLANE 


STARBOARD  AUGMENTER  TUBE  OR  ramp  diameter,  FT  PORT 


Figure  37.  Temperature  profiles  acro:?s  augmenter  tuhp  and  ramp  while 
testing  F40A-GE'400  at  85%  without  throttle  plate. 
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GAS  TEMPERATURE.  DEG  E  GAS  TEMPERATURE.  DEG  F 


NOTES: 

(1)  J52-P-8B  AT  MIL 

(2)  WITH  THROTTLE  PUTE 

•  ENGINE  MISALIGNED  2.3  DEGREES  TO  PORT 
A  ENGINE  MISALIGNED  1.0  DEGREES  TO  PORT 


(A)  MEASURED  30  FT  DOWN  THE  TU8E 


(e)  MEASURED  60  FT  DOWN  THE  TUBE 


TOP 

OR 

STARBOARD 


CENTER 

AUGMENTER  TUBE  DIAMETER,  TT 


BOTTOM 

OR 

PORT 


Figure  38.  Effect  of  misalignment  on  augmenter  tube  gas  temperatures. 


PRESSURE,  IN.  H20  PRESSURE,  IN.  H20 


NOTE; 

TUBE  STARTS  15.3  FT  FROM  ENGINE  NOZZLE 


MEASURED  11/12/86  (W/THROTTLE) .  AND  11/19/86 
■  CELL  DEPRESSION 
X  PORT  SIDEWALL 
□  TOP  OF  TUBE 
•  BOTTOM  OF  TUBE 


DISTANCE  ALONG  RUCHENTER  TUBE,  PT 
(B)  WITHOUT  THROTTLE  PLATE 


Figure  39.  Static  pressure  distribution  along  augmenter  tube  whll 
testing  TF41-A-2C  at  Mil. 
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PRESSURE,  IN.  H20  PRESSURE,  IN.  H20 


NOTE: 

(1)  AVERAGED  OVER  A  30-SECOND  BURN 

(2)  AUGMENTER  TUBE  STARTS  13.1  FT  FROM  ENGINE  NOZZLE 

MEASURED  11/14/86  (W/THROTTLE) ,  AND  11/18/86 
•  CELL  DEPRESSION 
C  PORT  SIDEWALL 
X  TOP  OF  TUBE 
■  BOTTOM  OF  TUBE 


Figure  40.  Static  pressure  distribution  along  augmenter  tube  while 
testing  TF30-P-414A  at  A/B. 
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PRESSURE,  IN.  H20  PRESSURE,  IN.  H20 


NOTE: 

(1)  AUGMENTER  TUBE  STARTS  13.1  FT  FROM  ENGINE  NOZZLE 

(2)  PRESSURES  AVERAGED  OVER  60-SECOND  RUN 

MEASURED  11/14/86  (W/THROTTLE) ,  AND  11/18/86 
■  CELL  DEPRESSION 
X  PORT  SIDEWALL 
□  TOP  OF  TUBE 
•  BOTTOM  OF  TUBE 


Figure  41.  Static  pressure  distribution  along  augmenter  tube  while 
testing  TF30-P-414A  at  Mil. 
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PRESSURE,  IN.  H20  PRESSURE,  IN.  H20 


NOTE: 

(1)  AUGMENTER  TUBE  STARTS  13.1  FT  FROM  ENGINE  NOZZLE 

(2)  PRESSURES  AVERAGED  OVER  60-SECOND  RUN 

MEASURED  11/14/86  (W/THROTTLE) .  AND  11/18/86 
■  CELL  DEPRESSION 
X  PORT  SIDEWALL 
□  TOP  OF  TUBE 
•  BOTTOM  OF  TUBE 


T  ■  I  I  I  I  I  I - '  '  I- 

3  10  20  30  10  SO  SO  70  iO 


DISTANCE  ALONG  AUGMENTER  TUBE,  PT 
(B)  WITHOUT  THROTTLE  PLATE 

Figure  42.  Static  pressure  distribution  along  augmenter  tube  while 
testing  TF30-P-414A  at  85%. 
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PRESSURE,  IN.  H20 


NOTE: 

(1)  AUGMENTER  TUBE  STARTS  H.l  FT  FROM  ENGINE  NOZZLE 

(2)  PRESSURES  AVERAGED  OVER  60-SECOND  RUN 

MEASURED  11/14/86  (W/THROTTLE),  AND  11/18/86 
■  CELL  DEPRESSION 
X  PORT  SIDEWALL 
□  TOP  OF  TUBE 
•  BOTTOM  OF  TUBE 


Figure  43.  Static  pressufe  distribution  along  augmentor  tube  while 
testing  1T30-P-414A  at  Idle. 
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PRESSURE,  IN.  H20  PRESSURE,  IN.  H2Q 


NOTE: 

(1)  AVERAGED  OVER  30-SECOND  BURN 

(2)  AUGMENTER  TUBE  STARTS  15.7  FT  FROM  ENGINE  NOZZLE 

MEASURED  11/11/86  (W/THROTTLE) ,  AND  11/19/86 
■  CELL  DEPRESSION 
X  PORT  SIDEWALL 
□  TOP  OF  TUBE 
•  BOTTOM  OF  TUBE 


Figure  44.  Static  pressure  dlstrlbutioa  along  augmenter  tube  while 
testing  F404-GE-400  at  A/B. 
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tempck'ature.  deg  r 


NOTES: 

(1)  THROTTLE  PLATE  INSTALLED 

(?)  30  FT  DOWN  THE  TUBE;  4.3.1  FT  FROM  ENGINE  NOZZLE 
(3)  MEASURED  11/14/86 

•  GAS  TEMPERATURES  AT  TUBE  CENTERLINE 
A  GAS  TEMPERATURES  2  FT  OUT  FROM  BOTTOM  OF  TUBE 
■  TUBE  WALL  AT  BOTTOM 


(a)  Aerothermal  temperatures  on  forward  Instrumentation 
rack. 


Figure  45.  Augmenter  tube  temperatures  during  TF30  transient  from  Mil 
to  A/B  and  back  down  to  Mil. 
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TEMPERATURE.  DEG  E 


8  0  0 


?00  ^ 


600-^ 


JOOH 


400i 


iOOA 


200^ 


lOOH 


0- 


NOTES: 

(1)  THROTTLE  PLATE  INSTALLED 

(2)  60  FT  DOWN  THE  TUBE;  7.3.1  FT  FROM  ENGINE  NOZZLE 

(3)  MEASURED  11/14/86 

•  GAS  TEMPERATURES  AT  TUBE  CENTERLINE 
A  GAS  TEMPERATURES  1  FT  UP  FROM  BOTTOM  OF  TUBE 
■  TUBE  WALL  AT  BOTTOM 
O  RAMP 


1 - 1 - 1  I  T~  ~  T  - - 1  I  I - 1 — 

0  18  iO  45  <0  75  «0  105  120  155 

time,  seconds 


(b)  Aerothermal  temperatures  on  rear  instrumentation  rack. 
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WALL  TEMPERATURE.  DEG  F  WALL  TEMPERATURE,  DEC  F 


NOTES: 

THROTTLE  PLATED  INSTALLED 
MEASURED  11/14/86 

•  STARBOARD  SIDE 
^  PORT  SIDE 
■  BOTTOM  OF  WALL 


30  FT  DOWN  THE  TUBE 


0  15  JO  45  <0  75  *0  105  120  lJ5 

TlMC,  SECONDS 

60  FT  FOWN  THE  TUBE 

(c)  Variation  of  tube  wall  temperatures,  at  different 
circumferential  location. 
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A  Airflows  (ft/sec)  inside  Lest  bay  while  testing  J52-P-8B 
at  Mil:  Test  run  1. 


Figure  A6.  Airflows  (ft/sec)  Inside  test  bay  while  testing 
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TOP  VIEW 


B  Airflows  (ft/sec)  inside  test  bay  while  testing  JS2-P-8B 
at  Mil:  Test  run  2. 
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TOP  VIEW 


C  Airflows  (ft/sec)  Inside  test  bay  while  testing  J52-P-8B 
at  Mil:  Test  run  3. 
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SIDE  VIEW 


D  Airflows  (ft/sec)  Inside  test  bay  whilp  testing  .)B2-P-8B 
at  Mil;  Test  run  4. 
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TOP  VIEW 


A  Airflows  (ft/sec)  Inside  test  bay  while  testing  J52-P-408 
at  Mil:  Test  run  1. 

Figure  47.  Airflows  (ft/sec)  Inside  test  hny  while  testing  J52-P-408. 
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TOP  VIEW 

B  Airflows  (ft/sec)  inside  test  bay  while  testing  J52-P*408 
at  Mil:  Test  run  2. 
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TOP  VIEW 

Figure  48.  Airflows  (ft/sec)  Inside  test  bay  while  testing  J52-P-408  at 
85%. 
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TOP  VIEW 


Figure  49. 


Airflows  (ft/sec)  Inside  test  bay  while  testing  J52-P-408  at 
idle. 
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TOP  VIEW 


A  Airflows  (ft/sec)  inside  test  bay  while  testing  TF41-A-2C 
at  Mil:  Test  run  1. 

Figure  50.  Airflows  (ft/sec)  inside  (e.st  bay  whilo  testing  TFAl- 
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TOP  VIEW 

Figure  52.  Airflows  (ft/sec)  inside  test  bay  while  testing  TF41-A-2C  at 
idle. 
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TOP  VIEW 


Figure  53.  Airflows  (ft/sec)  Inside  test  bay  while  testing  TF41-A-2C  at 
Mil. 
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TOP  VIEW 


Figure  54.  Airflows  (ft/sec)  Inside  test  bay  while  testing  Tl'SO-P-AlAA 
at  A/B. 
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SIDE  VIEW 


TOP  VIEW 


Figure  55.  Airflows  (ft/sec)  inside  test  bay  while  testing  TF30-P-414A 
at  Mil. 
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SIDE  VIEW 
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TOP  VIEW 

Figure  56.  Airflows  (ft/soc)  inside  test  bay  while  testing  TF30-P-414A 
at  85%, 
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TOP  VIEW 


Flguro  57.  Airflows  (ft/sec)  inside  test  bay  while  testing  TF30-P-414A 
at  idle. 
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TOP  VIEW 


Figure  58.  Airflows  (ft/sec)  Inside  test  bay  while  testing  TF30-P-414A 
at  A/B  with  throttle  plate. 
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TOP  VIEW 


Figure  59.  Airflows  (ft/sec)  Inside  test  bay  while  testing  TF30-P-414A 
at  Mil, 
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TOP  VIEW 


Figure  60.  Airflows  (ft/sec)  Inside  test  bay  while  testing  F404-GE-400 
at  A/B. 
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TOP  VIEW 


Figure  61.  Airflows  (ft/sec)  inside  test  bay  while  testing  F404-GE-400 
at  Mil  with  throttle  plate. 
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Figure  62.  Airflows  (ft/sec)  inside  test  bay  while  testing  FA04-GE-400 
at  Mil  without  throttle  plate. 
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TOP  VIEW 


Figure  63.  Airflows  (ft/sec)  Inside  test  bay  while  testing  F404-GE-400 
at  A/B. 


80 


TOP  VIEW 


Figure  64.  Airflows  (ft/sec)  Inside  test  bay  while  testing  F404-GE-400 
at  85%. 
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Appendix  A 

DESCRIPTION  OF  THE  STANDARD  NAVY  TEST  CELL  AT  NAS  CUB  I  POINT 

Figure  3,  duplicated  here  as  Figure  A-1,  Identlflas  i  "»  main  compo¬ 
nents  of  the  T-10  test  cell  at  NAS  Cubl  Point,  and  Indlcatt^  che  paths 
of  flow  through  the  test  cell. 

The  test  cell  Is  comprised  of  five  sections:  Primary  Intake, 
test  bay,  secondary  intake,  augmenter  tube,  and  exhaust  stack. 

The  T-10  test  cell  is  a  "dry  augmenter"  cell.  This  means  that  the 
cell  Is  designed  to  draw  in  copious  amounts  of  air  through  the  primary 
and  secondary  Intakes  to  mix  with  and  cool  the  exhaust  flow  from  the 
engine.  Cooling  the  exhaust  flow  gases,  parti.;ularly  at  the  afterburner 
power  setting,  is  needed  for  preventing  damage  to  exhaust  section  compo¬ 
nents  of  the  test  cells.  (Prior  to  acceptance  of  the  T-10  design  as  the 
standard  for  Navy  test  cells,  water  was  injected  into  the  engine  exhaust 
flows  to  cool  the  exhaust  gases.) 

The  T-10  test  cell  acts  as  a  large  eductor.  The  momentum  of  the 
engine  exhaust  flow  "pumps,"  or  "drags,"  the  copious  amounts  of  air 
needed  through  the  test  cell.  Exhaust  flow  leaves  the  engine  as  a  high 
velocity,  relatively  small  diameter,  jet  directed  into  the  augmenter 
tube,  and  surrounded  by  ambient  or  slow  speed  air.  A  turbulent  shear 
layer  develops  around  the  jet  and  pulls  the  ambient  air  along  with  the 
jet,  l.e.,  the  eductor  effect.  In  pulling  ambient  air  down  the  augmenter 
tube  with  the  jet,  a  reduced  pressure  is  created  in  the  test  bay.  The 
difference  between  the  test  bay  pressure  and  outside  atmospheric  pressure 
is  the  "cell  depression."  Cell  depression  causes  air  to  be  drawn  in 
through  the  primary  and  secondary  intakes  to  replace  the  air  pulled  down 
the  augmenter  tube. 

Augmentation  ratio  is  defined  as  follows: 

,  ^  /(inlet  flow  -  engine  flow)) 

Augmentation  ratio  =  | - engine  flow - ) 

In  designing  the  test  cell,  the  goal  is  to  achieve  a  high  enough  augmen¬ 
tation  ratio  so  that  components  of  the  augmenter  tube  and  exhaust  stack 
are  not  overheated,  but  keep  a  low  enough  augmentation  ratio  so  that 
cell  depression  is  minimal  and  flow  condition  approaching  the  engine 
approximate  those  of  an  open  test  stand.  Augmentation  ratio  is  a  func¬ 
tion  of  type  of  engine,  engine  power  setting,  and  test  cell  geometry. 

Specific  test  cell  geometric  features  influencing  augmentation  ratio 
are  augmenter  tube  size  and  Intake  area. 

The  function  and  essential  features  of  each  test  cell  section  are 
explained  below. 


T-10  TEST  CELL  COMPONENTS 


Priaary  Intake 

The  primary  intake  provides  air  for  tho  engine  during  testing,  plus 
some  excess  air  that  flows  past  the  engine  to  mix  with  the  exhaust  flow 
and  cool  it  down.  Typically,  about  60X  of  the  air  through  the  test  cell 
comes  through  the  primary  intake.  The  primary  intake  has  12  vertical 
channels,  1.094  or  1.104  feet  wide  by  15.0  feet  long  by  9.08  feet  deep, 
through  which  the  air  passes.  The  channels  are  separated  by  11  baffles, 
1.104  feet  thick,  constructed  of  soun<l  absorbing  materials.  The  interior 
walls  of  the  Intake  stack  are  also  lined  with  sound  absorbing  panels. 

The  baffles  and  wall  lining  panels  absorb  engine  noise  tending  to  pass 
up  the  primary  Intake,  thereby  reducing  noise  on  the  outside  of  the  test 
cell  to  acceptable  levels. 

Below  the  acoustic  baffles  are  seven  turning  vanes,  approximately 
2.5  feet  apart,  which  turn  the  vertical  flow  smoothly  to  the  horizontal 
direction.  The  center  section  of  the  turning  vanes  can  be  lifted  for 
Installing  or  removing  the  engine  through  the  front  door.  During  tests, 
the  vanes  are  lowered  and  the  front  door  is  closed  and  sealed. 

Test  Bay 

'fhe  test  bay  is  a  large  room,  56.0  feet  long  hy  25.0  feet  wide  by 
20.00  feet  high,  which  encloses  the  engines  during  post-maintenance  tests. 
The  length  and  cross  sectional  area  of  the  test  bay  allows  the  airflow 
leaving  the  turning  vanes  to  "smooth  out"  and  approach  the  engine  with  a 
fairly  uniform  profile,  approximating  conditions  which  would  be  encoun¬ 
tered  if  the  engine  were  being  tested  on  an  open  test  stand.  Specifically, 
cell  depression  is  monitored  to  ensure  that  it  does  not  exceed  3.0  inches 
of  H^O  (a  limit  dictated  by  structural  design  of  the  test  bay  walls  rather 
than  by  engine  performance),  and  airflow  speed  in  Lhe  test  bay  is  not  to 
exceed  50  ft/scc. 

During  tests,  th 3  engines  are  rigidly  clamped  onto  a  thrust  stand 
that  is  restrained  by  tie-downs  in  the  thick  concrete  floor  of  the  test 
bay.  The  engines  are  operated  and  monitored  remotely  from  the  control 
room,  which  is  quiet  due  to  acoustic  isolation  from  the  test  bay.  A 
window  with  layers  of  bulletproof  glass  allows  the  c.ontrol  room  operator 
to  view  the  engine  in  the  test  bay.  The  test  bay  is  equipped  with  a 
water-deluge  fire  protection  system.  The  walls  and  ceiling  of  the  test 
bay  are  lined  with  panels  of  sound  absorbing  material  to  reduce  trans¬ 
mission  of  engine  noise  to  the  outside. 

Secondary  Intake 

The  secondary  Intake  provides  air  to  mix  with  and  cool  the  engine's 
exhaust  flow,  thereby  reducing  the  temperatures  In  the  exhaust  section 
of  the  test  cell.  About  40%  of  the  total  atr  drawn  into  the  test  cell 
enters  through  the  secondary  intake.  The  seconflary  intake  has  nine  ver¬ 
tical  channels,  1.438  or  1.50  feet  by  7.83  feet  by  23.92  feet  deep. 
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through  which  the  air  passes.  The  channels  are  separated  by  eight 
baffles,  1.50  feet  thick,  constructed  of  sound  absorbing  materials. 

Below  the  baffles,  the  secondary  intake  opens  into  a  plenum  where  mixing 
between  the  jet  exhaust  flow  and  the  augmentation  air  starts.  The  walls 
of  the  secondary  Intake,  Including  the  plenum  and  the  stack,  are  lined 
with  sound  absorbing  panels. 

The  secondary  intake  is  taller  than  the  primary  intake  because  more 
uolse  attenuation  is  required  of  the  secondary  intake.  The  secondary 
Intake  stack  is  almost  directly  above  the  main  sources  of  test  cell  noise 
l.e.,  the  Jet  engine  and  the  jet  exhaust. 

Augnenter  Tube 

The  functions  of  the  augmenter  tube  are  to:  (1)  Absorb  and  dissi¬ 
pate  as  much  as  possible  the  noise  energy  from  the  engine,  and  exhaust 
flow,  and  (2)  Mix  the  hot  engine  exhaust  with  the  cool  augmentation  air. 
The  augmenter  tube  may  be  thought  of  as  a  large  cylindrical  muffler,  80 
feet  long  by  20  feet  outside  diameter. 

The  first  10  feet  of  the  augmenter  tube  is  a  transition  segment 
between  the  secondary  Intake  and  the  70-foot  long  main  portion  of  the 
augmenter  tube.  The  transition  segment  has  sloping  walls  going  from  an 
obround  opening  18.0  feet  wide  by  10.0  feet  high  to  an  obround  opening 
12.0  feet  wide  by  10.17  feet  high.  The  walls  of  the  transition  segment 
are  lined  with  high  temperature  acoustic  panels. 

The  remaining  70  feet  of  the  augmenter  tube  has  a  circular  interior 
cross  section,  13.67  feet  in  diameter.  This  portion  of  the  augmenter 
tube  is  lined  with  corrugated,  perforated  stainless  steel  plate  and  high 
temperature  acoustic  pillows.  The  acoustic  pillows  do  not  extend  to  the 
outer  structural  shell  of  20-foot  diameter.  There  is  a  void  between  the 
outer  structural  shell  and  the  acoustic  pillows.  Acoustic  curtains  are 
hung  in  this  void  to  help  with  noi.se  attenuation. 

There  is  a  discontinuity  of  cross  sectional  area  at  10  feet  down 
the  augmenter  tube,  i.e.,  at  the  end  of  the  transition  segment.  The 
cross  sectional  area  goes  from  obround  (12.0  feet  by  10.17  feet)  to  cir¬ 
cular  (13.67  feet  diameter).  The  .smaller  area  In  the  transition  segment 
was  put  in  the  design  to  re.strlct  the  spreading  of  the  hot  jet  exhaust, 
and  make  impingement  of  the  augmenter  tube  walls  occur  further  downstream 
The  restrictive  area  also  has  the  effect  of  reducing  augmentation  ratio 
slightly.  In  an  attempt  to  move  the  impingement  of  exhaust  gasses  even 
further  downstream,  an  extension  (designated  the  "throttle  plate")  was 
added  to  the  transition  segment.  The  throttle  plate  Is  essentially  a 
stainless  steel  conical  frustum,  extending  2.67  feel  past  the  transition 
segment,  and  going  from  obround  (12.0  feet  by  10.17  feet)  to  circular 
(10.17  feet  diameter). 

Exhaust  Stack 

The  function  of  the  exhaust  stack  is  to  turn  the  exhaust  flow  and 
the  noise  in  the  vertical  direction  as  they  exit  the  test  cell.  The 
exhaust  stack  is  16.5  feet  high  by  28.3  feet  long  by  23.7  feet  wide.  It 
has  a  45*  ramp  to  divert  the  flow  and  noise  vertically.  The  ramp  and 
interior  stack  sidewalls  are  lined  with  sound  absorbing  panels.  The 
three  16- inch-thick  vertical  walls  of  the  stack  are  reinforced  concrete. 
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Figure  A-1.  Components  of  the  standard  Navy  test  cell,  NAS  Cubl  Point. 


Appendix  B 

INSTRUHKNTATION 

The  tests  included  measuring  and  observatlng  the  flow  parameters 
and  temperatures  throughout  the  test  cell. 

Intakes 

•  Primary  Intake.  Velocity  and  mass  flow  rate  distribution  at  the 
top  of  the  primary  intake  baffles. 

•  Secondary  Intake.  Velocity  and  mass  flow  rate  distribution  at 
the  bottom  of  the  secondary  Intake  baffles. 

Test  Bay 

•  Velocity  measurements  up  to  13  feet  high  at  various  positions  in 
the  test  bay. 

•  Cell  depression. 

•  Qualitative,  overall  flow  patterns  throughout  the  test  bay. 

•  Air  temperature. 

Augmenter 

•  Velocity  distribution  and  mass  flow  rate  of  the  jet  engine 
exhaust/augmentation  air  at  30  feet  aft  of  the  secondary  intake. 

•  Velocity  distribution  and  moss  flow  rate  of  the  jet  engine 
exhaust/augmentatlon  air  at  60  feet  aft  of  the  secondary  intake. 

•  Temperature  distribution  of  the  jet  engine  exhaust/augmentation 
air  at  30  feet  and  at  60  feet  aft  of  the  secondary  Intake. 

•  Temperature  distribution  of  the  perforated  plate  surfaces 
circumferentially  and  down  the  length  of  the  augmenter  tube. 

•  Static  pressure  distribution  down  the  length  of  the  augmenter 
tube. 

Stack  Ramp 

•  Temperature  distribution  on  the  stack  ramp. 
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Figures  B-1  and  B-2  show  locations  of  the  instrumentation.  Thermo 
couples  TRl  and  TWl  through  ^12  were  permanently  installed  during  con¬ 
struction  of  the  hush  house.  All  other  instrumentation  was  added  for 
the  tests,  and  was  removed  at  the  conclusion  of  the  tests. 


SCHEMATIC  OF  DATA  ACQUISITION  SYSTEM 

A  schematic  of  the  data  acquisition  system  is  shown  in  Figure  B-3. 
Instrumentation  consisted  of; 

•  31  pitot-static  tubes  to  measure  airflow  in  the  primary  and 
secondary  intakes:  12  in  the  primary  intake,  measuring  flow 
in  one  quadrant  and  19  in  the  secondary  intake,  measuring  the 
flow  across  the  entire  secondary. 

•  16  anemometers  on  two  moveable  stands,  used  to  measure  velocities 
in  the  test  bay. 

•  12  static  pressure  probes,  all  referenced  to  atmospheric 

pressure:  2  in  the  test  bay  to  measure  cell  depression;  6  along 

the  augmenter  tube  wall  on  the  port  side  to  measure  static 
pressure  distribution  down  the  tube;  and  4  (2  on  each  instrumen¬ 
tation  rack  in  the  augmenter  tube)  to  measure  static  pressure 

in  the  vicinity  of  the  rack  total  pressure  measurements. 

•  24  total  pressure  prohes,  all  referenced  to  atomospheric  pressure: 
13  on  the  Instrumentation  rack  in  the  augmenter  tube  located 
nearest  the  engine  (30  feet  downstream  from  the  secondary  intake) 
and  11  on  the  Instrumentation  rack  in  the  augmenter  tube  located 
furthest  from  the  engine  (60  feet  downstream  from  the  secondary 
intake) . 

•  54  thermocouples:  13  permanently  Installed.  One  on  the 
exhaust  stack  ramp,  plus  12  on  the  augmenter  tube  walls, 

and  41  temporarily  installed  for  these  tests.  Location  of  the 
41  thermocouples  were:  13  in  the  augmenter  tube  on  the  instru¬ 
mentation  rack  located  nearest  the  engine  (30  feet  downstream 
from  the  secondary  Intake);  11  in  the  augmenter  tube  on  the 
instrumentation  rack  located  furthest  from  the  engine  (60  feet 
downstream  from  the  secondary  Intake);  9  on  the  exhaust  stack 
ramp;  6  on  the  augmenter  tube  walls,  3  at  each  rack  position; 

1  on  the  test  bay,  starboard  wall;  and  1  in  the  secondary 
Intake. 

Except  for  the  permanently  installed  thermocouples,  all  channels  of 
instrumentation  were  connected  to  a  MACSYM  250  digital  datalogger  manu¬ 
factured  by  Analog  Devices.  The  permanently  installed  thermocouples 
were  connected  to  a  Kayes  Instrument  Diglstrip  III  programmable  data- 
l<>gger.  All  signals  from  the  Instrumentation  were  analog  signals,  i.e., 
voltage  levels  were  proportional  to  the  values  of  the  variables  being 
measured.  The  dataloggers,  however,  digitized  the  signals.  For  this 
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test  series,  the  MACSYM  250  was  programmed  to  digitize  and  sample  the 
signals  from  the  instruments,  to  record  the  data,  to  exercise  subrou¬ 
tines  to  perform  a  time-average  of  several  samples  from  an  instrument, 
to  convert  from  voltage  to  engineering  units,  then  go  to  the  next  chan¬ 
nel.  The  MACSYM  250  cycled  through  all  channels  approximately  once  per 
second.  As  the  tests  were  in  progress,  current  values  of  selected  vari¬ 
ables  were  displayed  in  engineering  units  on  a  CRT  screen  for  quick- look 
"sanity"  checks.  Any  of  the  variables  could  be  displayed.  The  screen 
display  was  updated  every  7  to  10  seconds.  The  Kayes  Digistrip  III 
data-logger  was  programmed  to  print  time  and  current  readings  of  all  13 
permanently  installed  thermocouples  at  10-second  intervals. 

Periodically  the  test  sequence  was  interrupted  to  allow  the  MACSYM 
250  to  download  and  copy  its  data  disk  onto  a  COMPAQ  PC  data  disk.  This 
provided  backup  copies  of  the  data.  In  addition,  this  procedure  permitted 
preliminary  analysis  of  results  (computation  of  mass  flow  through  the 
hush  house  and  distribution  of  flow  through  the  sections  of  the  intake) 
at  the  site  while  testing  continued.  For  compatibility  with  the  MACSYM 
250,  the  COMPAQ  PC  had  dual  disk  drives,  an  Intel  8087  board,  and  an  AD 
PCIO  1  communication  card. 


INTAKE  PITOT-STATIC  PRESSURE  MEASUREMENTS 

Pitot-static  pressure  probes  were  installed  in  both  the  primary  and 
secondary  intakes.  Locations  are  shown  in  Figure  B-1.  There  were  12 
probes  in  the  primary  Intake  and  19  in  the  secondary  intake. 

The  pitot  and  static  ports  of  each  pitot-static  probe  were  connected 
by  air-tight  flexible  plastic  tubing  to  transducers.  The  transducers 
were  manufactured  by  Omega  Engineering,  Inc.  All  transducers  in  the 
primary  Intake  were  Model  PX163.  The  transducers  in  the  secondary 
intake  were  a  mixture  of  Model  PX163  and  Model  PX162.  Model  PX163  is 
rated  for  5-inch  H2O  differential  pressure  between  the  pitot  and  static 
ports,  while  Model  PX162  is  rated  for  27- inch  H2O  differential  pressure 
between  the  ports.  The  circuits  of  the  piezoresistive  element  of  each 
transducer  were  connected  to  an  8-volt  DC  power  supply.  Relevant 
characteristics  of  the  transducer/pltot-static  tube  combinations  are 
summarized  below. 


PX163 

PX162 

Input  voltage 

8.0  volts 

8.0  volts 

Output  voltage  at  0  velocity 
(nominal) 

3.5  volts 

1.0  volts 

Full-scale  differential 
pressure  rating 

5-ln.  H2O 

27-in.  H2O 

Output  voltage  at  full  scale 
differential  pressure  rating 
(nominal) 

6.0  volts 

6.0  volts 

Velocity  at  full-scale 
differential  pressure  rating, 
ft/sec  (temp  =  85*F) 

152 

353 
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Specific  curves  of  voltage  versus  different  ini  pressure  were 
obtained  for  each  transducer,  after  ins ta 1 1  at  ion .  with  the  use  of  a 
Druck  Digital  Pressure  Indicator  Calibrator,  Model  DPT  600. 

The  relationship  between  transduce.r  voltage  and  air  velocity  is 
obtained  from  the  voltage-pressure  cn I i brat iotis  and  from  the  Bernoulli 
equation  for  incompressible  flow: 
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The  pitot-static  probes  It)  the.  primary  intake  were  all  mounted  on 
one  quadrant  of  the  intake,  the  forward/starbonrd  qtiadrant.  The  probes 
were  placed  midway  between  the  noise  suppression  baffles,  with  the  tips 
approximately  12  Inches  below  the  top  of  the  baffles.  Distance  between 
the  baffles  is  1.104  feet  (1.094  feet  between  outer  baffles  and  sidewall 
acoustic  panels).  Six  of  the  probes  were  1.876  feet  from  the  front  wall 
of  the  Intake,  and  six  others  were  6.625  feet  from  the  front  wall. 

These  distances  represent  12.5%  and  37.5%  of  the  15-foot  length  of  the 
baffles.  Thus  each  probe  was  at  the  center  of  an  area  3.75  feet  by  1.104 
feet  =  4.14  square  feet  (4.103  square  feet  for  the  two  probes  located 
between  the  outer  baffle  and  the  sidewall  acoustic  panel).  Assuming 
uniform  flow  in  each  of  the  12  areas,  and  assuming  symmetrical  flow 
between  quadrants,  the  mass  flow  rate  in  the  primary  intake  is: 
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The  pitot-static  probes  in  the  secondary  intake  were  placed  so  that 
measurements  were  taken  throughout  the  starboard  half,  while  a  sampling 
of  measurements  were  taken  on  the  port  half  to  verify  symmetry  of  the 
Intake  flow.  The  probes  were  positioned  with  the  tips  centered  between 
baffles,  approximately  16  Inches  above  the  transition  from  the  vertical 
acoustically  treated  portion  to  the  sheet-metal  wedge  at  the  bottom  of 
the  baffles.  Distance  between  the  baffles  is  1.50  feet  (1.438  feet 
between  the  outer  baffles  and  the  sidewall  acoustic  panels).  The  probes 
were  located  at  distances  of  1.306  feet,  3.917  feet,  and  6.528  feet  from 
the  front  surface  of  the  secondary  Intake,  which  represent  16.7%,  50.0%, 
and  83.3%  of  the  7.833-foot  length  of  the  baffles.  Thus  each  probe  was 
centered  in  an  area  of  2.612  feet  by  1.50  feet  =  3.918  square  feet 
(3.756  square  feet  for  the  probes  between  the  outer  baffles  and  the 
sidewall  acoustic  panels).  Assuming  uniform  flow  in  each  area,  and 
assuming  symmetry  between  the  port  and  starboard  sides,  the  mass  flow 
rate  in  the  secondary  Intake  is: 
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CEU.  DEPRESSION  HEASURENErTTS 

Static  pressure  relative  to  atmospheric  pressure  was  monitored  at 
two  points  in  the  test  bay.  Locations  of  the  cell  depression  measure¬ 
ments  are  shown  in  Figure  B-1.  Cell  depression  was  measured  at  each 
point  by  installing  a  section  of  3/8-lnch  plastic  tubing  with  one  end 
open,  mounted  flush  with  the  wall  and  pointing  to  the  floor,  and  con¬ 
necting  the  other  end  to  one  port  of  the  Model  PX163  transducer.  Atmos¬ 
pheric  pressure  was  sensed  at  the  other  port  of  the  transducer  by  running 
plastic  tubing  from  the  transducer  port  out  the  secondary  intake  to  an 
area  undisturbed  by  engine  operations. 

The  description  of  transducer  circuitry  and  calibration  techniques 
given  in  the  discussion  of  Intake  Pitot-Static  Pressure  Measurements 
applies  to  the  Cell  Depression  Measurements  as  well. 


FLOV  VELOCITY  HEASUREMEKTS  IN  THE  TEST  BAY 

Anemometers  were  used  for  quantitative  measurements  of  flow  veloc¬ 
ity  in  the  test  bay.  The  anemometers  were  manufactured  by  R.M.  Young 
Company,  and  are  identified  as  Gill  Type  Anemometers  (Cat  No.  27103) 
with  a  3-blade  propeller,  20  cm  diameter  by  50  cm  pitch  (Cat  No.  8253). 
The  anemometers  were  mounted  in  two  stands.  Each  stand  had  eight  anemo¬ 
meters  positioned  at  15,  37.5,  52.5,  67.5,  82.5,  105,  132,  and  15/. 5 
Inches  above  the  floor.  The  anemometers  on  each  stand  were  in  the  same 
vertical  plane  and  faced  the  same  direction.  Figures  B-4  and  B-5  show 
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the  stands.  The  stands  could  be  moved  to  various  positions  in  the  test 
bay.  Figure  B-2  shows  positions  at  which  data  were  taken  with  the 
anemometers . 

Rotational  speed  of  the  anemometer  propellers  is  proportional  to 
air  speed.  The  propeller  shaft  turns  a  generator,  with  generator  voltage 
proportional  to  air  speed.  Reversal  of  flow  direction  past  an  anemometer 
reverses  the  sign  of  the  output  voltage.  Calibration  of  the  rotational 
speed  versus  output  voltage  was  accomplished  with  a  reversible  constant 
speed  (1,800  rpm)  motor,  (Cat  No.  27230)  manufactured  by  R.M.  Young 
Company,  which  would  spin  the  anemometer  at  1,800  rpm  using  a  flexible 
coupling.  A  rotational  speed  of  1,800  rpm  results  in  a  nominal  0.5  volt 
output  signal.  To  relate  rpm  to  air  speed,  three  of  the  anemometers 
available  for  the  tests  were  sent  to  the  manufacturer  for  calibration  in 
;heir  wind  tunnel.  The  tunnel  calibration  confirmed  company -supplied 
literature  stating  that  1,800  rpm  corresponds  to  a  wind  velocity  of  48.4 
ft/sec  (33  mi/hr).  The  nominal  relationship  between  voltage  and  air 
velocity  is: 
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Heights  of  the  anemometers  above  the  floor  were  chosen  so  that  one 
was  lower  than  the  trailing  edge  height  of  the  bottom  turning  vane,  two 
were  between  the  trailing  edge  heights  of  the  bottom  and  second  turning 
vanes,  two  were  between  the  trailing  edge  heights  of  the  second  and 
third,  one  was  between  the  third  and  fourth,  one  was  between  and  the 
fourth  and  fifth,  and  one  was  between  the  fifth  and  sixth.  The  highest 
anemometer  was  at  just  over  13  feet.  The  test  bay  ceiling  was  at  20 
feet  high,  so  no  measurements  were  made  in  the  top  6  feet  10  inches  of 
the  test  bay. 


FLOV  VISUALIZATION 

Two  methods  of  flow  visualization  were  planned  for  observing  the 
overall  flow  patterns  in  the  test  bay:  Streamers  and  smoke. 

The  Intent  was  to  videotape  the  streamers  and  the  smoke  patterns 
during  engine  runs,  and  study  the  videotapes  for  locations  of  dead 
spots,  eddies,  or  recirculation  flow.  Early  in  the  test  program, 
however,  it  became  evident  that  the  flow  patterns  were  very  smooth.  A 
videotape  record  was  made  only  during  the  J52-P-88  engine  runs.  During 
all  other  engine  runs,  the  streamers  were  watched  simply  to  verify  that 
flow  in  the  test  bay  was  smooth,  but  no  permanent  videotape  records  were 
made. 

The  one  videotape  record  that  was  made  was  not  clear.  The  video 
camera  was  hand-held.  The  cameraman  was  unable  to  prevent  the  camera 
from  vibrating  because  of  the  noise  in  the  test  bay.  Test  cell 
operators  say  that  the  test  bay  noise  in  the  test  vibrations  are  higher 
during  J52-P-8B  engine  runs  than  during  runs  with  other  engines,  so 
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perhaps  there  would  have  been  less  difficulty  in  making  clear  pictures 
during  runs  with  other  engines.  A  decision  was  made  not  to  video  tape 
the  remaining  tests  because  of  the  poor  quality  of  the  first  pictures, 
plus  the  smoothness  of  the  flow. 

Streamers  were  attached  to  the  trailing  edges  of  the  primary  intake 
turning  vanes.  Streamers  were  also  attached  to  strings  spanning  the 
test  bay  in  several  locations,  both  forward  and  above  the  engines, 
figures  B-5  and  B-6  show  the  streamers. 

Smoke  cannisters  used  to  mark  helicopter  landing  pads  were  obtained 
for  flow  visualization.  The  engine  representative  from  General  Electric 
stationed  at  the  NAS  Cubi  Point  Jet  maintenance  shop  was  consulted  about 
the  effect  of  the  smoke  on  the  engines.  The  cannisters  would  be  set 
off  in  the  primary  intake  or  in  the  test  bay  forward  of  the  engine,  and 
iiome  of  the  smoke  from  them  would  be  Ingested  through  the  engines.  The 
chemical  composition  of  the  smoke  had  been  provided  with  the  cannisters. 
The  General  Electric  representative  recommended  that  the  smoke  not  be 
used,  since  known  corrosive  agents  were  in  the  smoke.  Correlation  "gold 
plate"  engines  were  being  used  in  the  test  series,  and  since  smooth  flow 
patterns  were  being  observed  with  the  streamers,  it  was  decided  that  the 
risk  to  the  engines  outweighed  the  use  of  the  smoke  and  the  small 
additional  information  that  the  smoke  flow  patterns  would  provide. 


AUGMEfTTER  TUBE  STATIC  PRESSURE  HEASUREHENTS 

Static  pressure  was  measured  at  10-foot  intervals  down  the  length 
of  the  augmenter  tube.  Figure  B-1  shows  that  six  of  the  static  pressure 
measurements  were  taken  along  the  port  wall  of  the  augmenter  tube,  and 
two  static  pressure  measurements  were  taken  on  each  of  the  racks  erected 
in  the  augmenter  tube  at  30  and  60  feet  aft  of  the  secondary  intake. 

The  static  pressure  probes  along  the  port  wall  were  fabricated  by 
NCEL  from  sections  of  1/4  inch  stainless  steel  tubing.  One  end  of  each 
section  of  tubing  was  plugged  with  silver  solder.  Four  inches  back  from 
the  plugged  end,  four  1/16  inch  diameter  holes  were  drilled  in  the  sides 
of  the  tubing.  The  tubing  was  mounted  along  the  augmenter  wall, 
parallel  to  the  axis  of  the  augmenter.  The  open  end  of  each  section  of 
tubing  was  connected  by  a  stainless  steel  airtight  fitting  to  stainless 
steel  tubing  routed  through  the  closest  1-inch  pipe  nipple  built  into 
the  augmenter  tube  wall  at  10-foot  Intervals.  Outside  the  augmenter 
tube,  l.e.,  outside  the  high  temperature  environment,  clear  tygon  tubing 
was  used  to  continue  an  airtight  path  between  the  stainless  steel  tubing 
and  one  port  of  the  pressure  transducer. 

The  static  pressure  measurements  on  the  racks  were  taken  with  pur¬ 
chased  pitot-static  probes.  The  static  pressure  ports  of  the  probes 
nearest  the  top  and  nearest  the  bo  tom  of  the  vertical  post  of  each  rack 
were  connected  by  stainless  steel  airtight  fittings  to  stainless  steel 
tubing  routed  via  an  adjacent  1-lnch  pipe  nipple  through  the  augmenter 
tube  wall.  Again,  outside  the  augmenter,  tygon  tubing  continued  the 
path  to  the  pressure  transducer. 
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Transducers  used  to  measure  the  augmenter  tube  static  pressures 
were  Model  PX162.  One  port  was  connected  to  the  tubing  from  the  pres¬ 
sure  probes,  and  the  other  port  was  left  open  to  atmospheric  pressure. 

The  description  of  transducer  circuitry  and  calibration  techniques  given 
in  the  Intake  Pitot-Static  Pressure  Measurements  section  applies  uo  the 
Augmenter  Tube  Static  Pressure  Measurements  as  well.  The  relationship 
between  augmenter  static  pressure  and  measured  voltage  is: 

c  =  [c  (  Volt  -  Volt  (0)  W 
n  \Volt  (F)  -  Volt  (0)11 

n 

AUGMENTER  RACK  TOTAL  PRESSURE  MEASUREMENTS 

Two  racks  were  erected  in  the  augmenter  tube  for  instrumentation  to 
measure  velocity  and  stagnation  temperature  of  the  flow  in  the  core  of 
the  tube.  Figure  B-7  is  a  picture  of  the  two  racks  with  instrumentation 
Installed.  The  racks  were  30  and  60  feet  aft  of  the  secondary  intake. 

The  racks  were  made  of  1-1/2-  and  2-lnch  stainless  steel  tubing.  Carbon 
steel  gussets  were  welded  to  the  tubing  to  make  bolted  joints,  and  carbon 
steel  footings  were  welded  on  to  allow  the  rack  to  be  bolted  to  the  aug¬ 
menter  tube  wall  at  the  top,  bottom,  and  sides  of  the  augmenter.  Carbon 
steel  supports  »/ere  welded  to  the  tubing  at  each  location  for  a  pressure 
probe  or  a  thermocouple. 

Figure  B-1  shows  the  locations  of  pressure  probes  on  the  racks. 

The  front  rack  had  13  probes,  while  the  aft  rack  had  11.  All  the  probes 
were  purchased  pitot-static  tubes.  Except  for  the  top  and  bottom  probes 
on  each  vertical  post  (see  discussion  of  Augmenter  Tube  Static  Pressure 
Measurements),  however,  only  the  total  pressure  ports  of  each  probe  were 
used.  The  pressure  probes  were  clamped  to  the  carbon  steel  supports  and 
to  the  stainless  steel  tubing  with  hose  clamps  and  aircraft  stainless 
steel  wire.  Figure  B-8  shows  a  typical  Installation.  Airtight  tube 
fittings  connected  the  probes  to  1/4-lnch  stainless  steel  tubing  routed 
via  one  of  the  1-inch  pipe  nipples  through  the  augmenter  tube  wall. 
Outside  the  augmenter,  clear  tygon  tubing  completed  the  airtight  path  to 
the  transducers. 

Transducers  Model  LX1801DZ-1,  for  the  rack  total  pressure  measure¬ 
ments  were  manufactured  by  SenSym  Corporation  and  were  capable  of  measur¬ 
ing  up  to  5  psi  differential  pressure  between  ports.  The  leads  from  the 
pressure  probes  were  connected  to  the  high  pressure  port.  The  low  pres¬ 
sure  port  was  left  open  to  atmospheric  pressure.  Nominal  characteristics 
of  the  SenSym  pressure  transducers  are  presented: 


Input  voltage 

20.0  volts 

Output  voltage  at  0  velocity  (nominal) 

7.5  volts 

Full-scale  differential  pressure  rating 

5  Ibf/ln.^ 

Output  voltage  at  full-scale 
differential  pressure  rating  (nominal) 

12.5  volts 

Velocity  at  full-scale  differential 
pressure  rating,  ft/sec  (temp  =  85®F) 

725 
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Specific  curves  of  voltage  versus  riff ferentia  1  pro.ssnrn  wore  obtained 
for  each  transducer,  after  installation,  with  the  use  of  the  Druck 
Digital  Pressure  Indicator  Calibrator,  Model  DPI  600.  Leak  checks  were 
also  performed  with  the  calibrator  on  the  Installed  probes/tubing/ 
transducers.  All  transducers  were  leaking  around  the  threads  of  the 
hose  connector  fittings.  (RTV)  Room  Temperature  Vulcani/,ing  material 
sealed  the  leaks. 

The  relationship  between  transducer  voltage  and  air  velocity  is 
obtained  from  the  voltage-pressure  calibration  and  from  the  pressure- 
velocity  relationship  for  compressible,  Isentropic  Plow.  The  pressure- 
velocity  relationship  requires  measurement  of  both  total  and  static 
pressures.  Static  pressures  were  read  on  only  two  of  the  probes  on  each 
rack.  The  average  of  these  two  readings  was  used  for  static  pressure  at 
each  probe. 
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The  temperatures  needed  to  evaluate  the  velocity  were  also  measured  on 
the  racks.  The  measurement  techniques  are  described  in  the  section 
entitled  Temperature  Measurements.  For  each  pressure  measurement,  there 
was  a  corresponding  temperature  menstirement  taken  in  the  immediate  proxi¬ 
mity. 

Mass  flow  rate  in  the  augmenter  Lube  can  also  he  calculated  from 
the  measurements  taken  on  the  racks.  For  Rack  A  the  method  of  computa¬ 
tion  is: 
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For  Rack  B  the  method  of  computation  is: 
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Computation  of  the  static  temperatures  and  from  the  measured 
stagnation  temperatures  and  computed  velocities  is  explained  In  the 
section  entitled  Temperature  Measurements. 

Accuracy  of  the  mass  flow  rate  computations,  and  more  basically,  of 
the  measurements  on  the  racks,  can  be  evaluated  by  comparing  the  mass 
flow  rates  obtained  at  Rack  A  versus  at  Rack  B  versus  the  mass  flow 
rates  through  the  Intakes.  All  should  be  equal  (neglecting  the  small 
contribution  of  fuel  flow  to  the  engines).  This  is  discussed  further  in 
Appendix  C . 


TEMPERATURE  MEASUREMENTS 

Temperatures  were  measured  with  thermocouples  at  54  locations  in 
the  test  cell.  Figure  B-2  shows  the  placement  of  thermocouples. 

•  18  (12  permanent,  6  temporary)  on  the  augmenter  tube  wall. 

•  10  ( 1  permanent,  9  temporary)  on  the  exhaust  stack  ramp. 

•  13  (temporary)  on  Rack  A,  located  30  feet  aft  of  the  secondary 
Intake. 

•  11  (temporary)  on  Rack  B,  located  60  feet  aft  of  the  secondary 
Intake. 

•  1  (temporary)  on  the  test  bay  wall. 

•  1  (temporary)  in  the  secondary  intake. 

The  designation  "permanent"  means  that  the  thermocouple  was 
Installed  during  construction  and  is  wired  into  the  control  panel  in  the 
control  room,  allowing  the  operators  to  monitor  wall  temperatures  in  the 
augmenter/ramp  sections  of  the  test  cell.  Selected  temperatures  can  be 
displayed.  The  control  room  panel  sounds  an  alarm  if  wall  temperature 
exceeds  design  limit. 

The  permanent  thermocouples  are  all  J-type  junctions 
( Iron-constantan) . 

The  designation  "temporary"  means  that  the  thermocouple  was 
installed  specifically  for  these  tests,  and  was  removed  at  the  comple¬ 
tion  of  the  tests.  The  temporary  thermocouples  were  K-type  junctions 
(chromel-alumel) . 

The  17  temporary  thermocouples  installed  on  the  augmenter  tube  wall, 
on  the  exhaust  stack  ramp,  on  the  test  bay  wall,  and  in  the  secondary 
intake  were  purchased  with  the  junctions  already  made  and  attached  to 
flat  washers  1/4-lnch  in  diameter,  which  served  as  the  sensing  elements 
(NANMAC  Corporation  Washer  Thermocouple  A6-13K).  Each  washer  and  junction 
was  held  in  contact  with  the  metal  surface  by  a  screw  threaded  into  the 
metal  through  the  eye  of  the  washer. 

The  24  temporary  thermocouples  Installed  on  Racks  A  and  B  in  the 
augmenter  tube  were  NANMAC  Corporation  Pencil  Probe  "Eroding"  Thermo¬ 
couples,  Model  E12-2K.  Figure  B-8  shows  an  installation  of  this  type  of 
thermocouple.  This  type  of  thermocouple  was  not  good  for  this  applica¬ 
tion.  One  problem  was  that  the  aft  portion  of  the  thermocouple  was 
intended  to  be  protected  from  the  high  temperatures  and  the  large  Induced 
vibrations  occurring  at  the  racks.  Some  protection  was  provided  by  weld¬ 
ing  a  stainless  steel  sleeve  over  the  aft  portion  of  the  thermocouple 


and  by  coating  the  base  (at  which  point  the  connections  were  made  between 
the  thermocouple  probe  and  the  wires  lending  to  the  recording  instruments) 
with  high  temperature  RTV.  Another  problem  was  that  the  thermocouple 
junction  was  susceptible  to  degradation  from  impiirities  in  the  flow. 

During  almost  every  test,  some  of  the  thermocouples  would  cease  to  read 
temperatures.  The  junctions  cotild  be  renewed  by  filing  or  sanding  the 
probe  tips  between  runs. 

During  tests  of  the  TF-30  engine,  several  of  the  pencil  probe 
thermocouples  In  Rack  A  failed  structurally  and  were  blown  out  of  the 
augmenter  tube.  These  were  replaced  with  field-made  junctions,  formed 
by  soldering  the  wires  leading  to  the  recording  instruments.  The 
field-made  junctions  were  held  In  position  by  passing  the  wires  inside 
1/4-lnch  stainless  steel  tubing  clamped  to  the  rack. 

The  thermocouples  on  Racks  A  and  B  measured  stagnation  temperatures, 
i.e.,  temperatures  reflecting  the  random  molecular  motion  (static 
temperatures)  plus  the  ordered  flow  energy  (kinetic  energy).  Static 
temperatures  are  calculated  from  the  measured  temperatures  as  shown. 

r- 1  0 

T  =  T  -  fVel) 

STATIC  TOTAL  2irRg^ 

The  thermocouples  on  Racks  A  and  B  did  not  respond  instantaneously 
to  the  flow.  Several  seconds  were  required  for  the  thermocouples  to 
reach  a  stable  reading  after  an  engine  power  sotting  was  established. 

In  most  cases,  stable  thermocouple  readings  were  token  about  60  seconds 
or  more  after  an  engine  setting  was  established.  At  afterburner  sett¬ 
ings,  however,  stable  thermocouple  readings  were  sometimes  not  reached 
before  the  engine  power  had  to  be  reduced.  In  these  cases,  estimates  of 
the  stable  readings  were  made  by  extrapolating  the  temperature  traces  to 
asymptotic  values  or  by  referring  to  longer  runs  at  afterburner  power. 

All  temporary  thermocouples  were  connected  to  a  reference  temper¬ 
ature  junction  (Kaye  Instrument  Uniform  Temperature  Reference).  Omega 
Engineering,  Inc.*  explains  how  the  reference  temperature  junction  elimi¬ 
nates  the  need  for  calibrating  individual  thermocouples,  and  eliminates 
the  need  for  ice  bath  reference  junctions.  Figure  B-3  shows  circuitry 
associated  with  the  reference  temperature  junction.  Confidence  in  the 
thermocouple  temperature  measurements  tising  the  reference  temperature 
junction  was  established  during  tests  at  Marine  Corps  Air  Station  Cherry 
Point  by  comparison  within  1°F  with  readings  from  a  calibrated  Fluke 
8024A  multimeter  probe  at  ambient  condition.s. 

The  permanent  thermocouple  readings  were  printed  by  a  Kayes  Instru¬ 
ment  Dlgistrip  III  datalogger.  The  Kayes  datalogger  was  connected  in 
parallel  with  the  test  cell  control  panel  in  the.  control  room,  allowing 
the  permanent  thermocouple  readings  to  be  displayed  as  usual  and  printed 
out  at  the  same  time.  The  Kayes  datalogger  was  programmed  to  sample  all 
permanent  thermocouple  values  at  lO-socond  Intervals,  and  print  them  out 
in  degrees  Fahrenheit.  The  time  and  Julian  date  were  also  printed  out 
with  each  sample.  NCRL  did  not  calibrate  the,  permanent  thermocouples. 


*0mega  Engineering,  Inc.  T6-T1 1 ;  Complete  temperatiire  measurement 
handbook  and  encyclopedia,  19B6. 
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LIST  OF  SYMBOLS 


Variables 

Units 

A 

area 

ft^ 

C 

P 

specific  heat  of  air  at  constant  pressure 

0.24  BTU/lbm-®F 

S 

gravitational  acceleration 

32.2  ft/sec^ 

8c 

gravitational  conversion  constant 

32.2  ft-lbm/lbf-sec^ 

«V 

heating  value  of  aircraft  fuel 

BTU/ Ibro 

J 

Joule's  constant 

773  ft-lbf/BTU 

m 

mass  flow  rate 

Ibm/sec 

P 

pressure 

Ibf/in.^ 

pitot  pressure  on  rack  A 

Ibf/ln.^  (gauge) 

pitot  pressure  on  rack  B 

2 

Ibf/in.  (gauge) 

‘‘s 

difference  between  pitot  and  static 
pressures  in  Intake 

In.  H2O 

R 

Ideal  gas  constant  for  air 

53.3  ft-lbf/lbm-®R 

S 

static  pressure  In  augmenter  tube 

in.  H^O  (gauge) 

T 

static  temperature 

Of 

TA 

stagnation  temperature  on  rack  A 

Op 

TB 

stagnation  temperature  on  rack  B 

“F 

Vel 

speed  of  flow 

ft/sec 

Volt 

voltage 

volts 

w 

weight  density  of  water 

62.4  Ibf/ft^ 

Z 

height  above  augmenter  tube  centerline 

ft 

y 

ratio  of  specific  heats  for  air 

1.4  (dimensionless) 

c 

mass  density 

Ibm/ft^ 

144 

2  2 

conversion  factor,  ft  to  in. 

144  in.^/ft^ 

12 

conversion  factor,  ft  to  in. 

12  in. /ft 

460 

conversion  factor,  ®F  to 

®R  =  ®F  +  460 
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Subscripts  or  Parenthesis 


A 

denotes 

rack  A 

ATM 

denotes 

atmospheric  conditions 

AVE 

denotes 

average 

B 

denotes 

rack  B 

f 

denotes 

aircraft  fuel 

F 

denotes 

value  at  maximum  speed 

i 

denotes 

inlet 

j 

denotes 

anemometers 

k 

denotes 

rack  A 

1 

denotes 

rack  B 

n 

denotes 

augmenter  tube  static  pressure 

0 

denotes 

value  at  zero  speed 

PRIM 

denotes 

primary  intake 

SEC 

denotes 

secondary  Intake 

On  Augnenter  Tube  Vails 
•  S1-S9 
.  Tyi-TV6 
.  TV7-TV18 


Figure  B*2.  Location  of  instrumentation  for  aerothertnal  tests  at  NAS 
Cubi  Point  T-10  test  cell  (top  view). 
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Figure  6-4.  Anemometer  stand  with  seven  anemometers,  moveable  within 
test  bay. 


Figure  B-5.  Streamers  attached  to  inlet  turning  vanes  for  flow 
visualization.  Also  both  anemometers  stands. 


Figure  B*6.  Streamers  across  test  bay  for  flow  visualization. 
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Figure  B-8.  Typical  installation  of  pitot  tube  and  pencil-probe 

"ending"  thermocouple  on  augmenter  instrumentation  rack. 
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Appendix  C 

ACCURACY  OF  THE  DATA 

There  are  several  methods  of  estimating  the  accuracy  of  the  results 
of  these  tests:  (1)  the  accuracy  of  both  pressures  and  temperatures  can 
be  Judged  by  examining  how  well  mass  and  energy  calculated  from  the  data 
lire  conserved  across  the  test  cell,  (2)  the  velocity  of  the  air  entering 
the  primary  inlet  was  measured  by  three  independent  techniques.  From 
these  velocities,  mass  flows  can  be  calculated  and  compared,  and 
(3)  standard  deviations  of  the  data  were  calculated  and,  in  part,  provide 
another  benchmark  of  the  accuracy  of  the  instrumentation. 


CONSERVATION  OF  HASS 


The  mass  entering  the  test  cell,  the  primary  plus  secondary  inlet 
air,  must  (neglecting  the  small  contribution  of  the  jet  fuel)  equal  the 
total  mass  of  the  gases  passing  each  of  the  instrumentation  racks. 
Referring  to  Figure  C-1. 


+  M 


SA 


As  an  illustration,  consider  the  F404  being  tested  at  A/B.  The 
inlet  flows  are  determined  from  pitot  tubes  mounted  in  each  of  Inlets, 
assuming  an  incompressible  symmetric  flow  as  discussed  previously.  For 
example: 


Mo*  =  1005  Ib/sec,  M_.  =  820  Ib/sec 
rA  oA 

or  a  total  inlet  flow  of  1,825  pounds  of  air  per  second. 

Gas  flow  through  the  augmenter  tube  was  also  determined  from  pitot 
tube  pressure  measurements;  here  the  probes  were  attached  to  racks  extend¬ 
ing  across  the  tube.  The  problem  of  calculating  mass  flow  across  these 
racks  is  difficult  since  both  velocity  and  temperature  vary  greatly  with 
radial  location.  It  is  best  accomplished  by  calculating  the  mass  flux 
at  each  probe,  fitting  a  curve  to  the  results,  and  integrating  this  curve 
over  the  entire  cross  section  of  the  tube. 

Continuing  with  the  above  example,  the  mass  flux  across  rack  "A" 
can  be  approximated  with  the  relationship; 


=  25.3  -  0.6r^  Ib/sec-ft^ 


This  function  and  the  mass  fluxes  calculated  at  each  probe  are  shown 
together  on  Figure  C-2  for  comparison.  Integrating  over  the  cross 
sectional  area  of  the  augmenter  tube; 
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6.9  ft 


M  =  f  2it  r  li.  dr 


0 

=  2ii  {  r  (25.3  -  0.6  r  )  dr 
0 

=  1,650  Ib/sec 

The  mass  flow  calculated  in  this  manner  is  about  9%  less  than  the  mass 
measured  at  the  two  inlets. 

Using  an  analogous  procedure,  the  mass  flow  across  rack  "B"  was 
1,730  Ib/sec,  a  value  about  5%  more  than  calculated  at  the  first  rack 
and  approximately  5%  less  than  the  Inlet  flow. 

Differences  this  small  are  certainly  within  the  errors  inherent  in 
the  methods  used  to  calculate  the  mass  flows.  These  mass  flow  comparisons 
and  others  are  summarized  as  Table  C-1. 


CONSERVATION  OF  ENERGY 

In  the  same  manner,  the  energy  entering  the  test  cell,  the  thermal 
plus  kinetic  energy  in  the  inlet  air  plus  the  chemical  energy  of  the 
fuel,  must  equal  the  thermal  plus  kinetic  energy  passing  each  of  the 
instrumentation  racks.  Referring  to  Figure  C-3: 

'"pa  ^  "SA>  "=P  *  "f  ""f  =  "a  (v  *  r). 


As  with  the  mass  balance,  the  energy  flux  Is  calculated  from  the 
rack  data  and  a  curve  generated  to  fit  these  values.  Another  simple 
integration  then  yields  the  desired  gas  energies.  For  the  validation  of 
the  F404  A/B  run,  the  energy  passing  rack  "A"  was  0.30  MBtu/sec,  passing 
rack  "B"  was  0.35  MBtu/sec,  and  the  energy  entering  the  test  cell  was 
0.39  MBtu/sec.  This  energy  balance  is  poorer  than  the  mass  balance  but 
still  close  enough  to  give  confidence  to  the  data. 


INDEPENDENT  VEIiOCITT  HEASURENENTS 

Mass  flows  through  the  primary  inlet  can  also  be  determined  from 
velocities  measured  with  the  anemometers.  These  velocities  ere  discussed 
in  Appendix  B.  Assuming  incompressibility,  a  good  assumption,  a  flat 
velocity  profile  between  sets  of  vanes,  perhaps  a  good  assumption,  and 
employing  a  computer  model  to  extrapolate  up  beyond  the  highest  anemo¬ 
meter  (Ref  C-1),  the  Bernoulli  equation  can  be  used  to  calculate  a  mass 
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flux.  Some  primary  inlet  airflows  determined  in  this  manner  are  also 
included  on  Table  C-2  for  direct  comparison  with  airflows  derived  from 
the  pitot  tube  pressures.  Airflows  measured  with  the  anemometers  were 
about  20%  lower;  than  pitot  tube  measured  airflows. 

Using  a  hand-held  anemometer,  the  correlation  team  also  measured 
primary  inlet  airflows  (Ref  C-2).  This  is  yet  another  comparison  that 
can  be  used  to  evaluate  the  accuracy  of  the  pitot  tube  velocity  measure¬ 
ments.  Table  C-2  lists  both  sets  of  measurements.  The  airflow  measured 
by  the  correlation  team  ranged  from  0%  up  to  16%  greater  than  the  airflows 
measured  using  the  pitot  tubes. 


STANDARD  DEVIATION 

The  data  used  to  generate  the  figures  are  average  values,  averages 
of  readings  taken  every  second  for  half  a  minute  or  more.  This  data 
varied  greatly  from  reading  to  reading.  Much  of  this  variation  is 
attributable  to  the  actual  physics  of  the  problem,  however;  the  variables 
are  really  fluctuating  from  second  to  second.  Turbulence  would  account 
for  much  of  this. 

Therefore,  the  standard  deviations  of  this  data  represent  more  than 
the  errors  in  the  system  of  data  collection.  With  this  reservation. 

Table  C-3  is  provided  as  another  measure  of  the  accuracy  of  the  results. 

It  Includes  standard  deviations  associated  with  the  data  collected  during 
two  runs  that  represent  extremes  encountered  during  the  testing;  the 
TF30  at  A/B  and  then  at  idle.  In  terms  of  both  absolute  values  and  per¬ 
centage  of  the  arithmetic  mean,  fluctuations  recorded  during  the  A/B  run 
are  far  more  severe.  This  would  tend  to  substantiate  the  expected  contri¬ 
bution  due  to  turbulence.  Typically  at  A/B,  standard  deviations  of  the 
temperatures  averaged  around  10%  of  the  average  value.  Standard  devia¬ 
tions  of  pressures  were  25%  of  the  mean  or  higher.  Standard  deviations 
of  the  anemometers  ranged  from  5%  to  10%  of  the  mean  velocity. 


REFERENCES 

C-1.  Cham  Ltd.  Technical  Report  TR/100:  Phoenlcs-beglnners  guide  and 
user  manual,  by  H.I.  Rosten  and  D.B.  Spalding,  London.  October  1986. 

C-2.  Naval  Air  Station,  Cubl  Point.  NAPC-LR-87-8;  Jot  engine  test 
cell  correction.  Republic  of  the  Philippines,  31  March  1987. 
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Table  C-1.  Conservation  of  Mass  and  Energy  Across 
T-10  Test  Cell  at  NAS  Cubi  Point 


[All  Runs  With  Throttle  Plate  Installed] 


Engine 

TF30 

TF30 

Power 

A/B 

Mil 

Inlet 

Ib/sec 

1844 

1943 

Rack  "A" 
Hass 

1853 

1404 

Rack  "B" 
Mass 

1945 

1723 

Inlet 

MBtu/sec 

0.50 

0.29 

Rack  "A" 
Energy 

0.43 

0.20 

Rack  "B" 
Energy 

0.48 

0.27 

F404 

F404 

TF41 

TF41 

85% 

Idle 

Mil 

85% 

1140 

368 

1948 

1254 

1317 

305 

1560 

1554 

926 

331 

1833 

1100 

0.16 

j 

0.05 

0.30 

0.  19 

0.19 

0.04 

0.23 

0.22 

0.  13 

0.05 

0.29 

0.  16 

u 


J52- 

4P8B 

J52- 

P408 

85% 

85% 

1167 

1189 

1343 

1400 

1061 

1067 

0.17 

0.  18 

0.  19 

0. 19 

0.  15 

0.15 

C- 
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Table  C-2.  Comparison  of  Independent  Primary  Inlet 


[All  Runs  With  Throttle  Plate  Installed] 

Measured 

Primary  Inlet  Airflows  (Ib/sec) 

Engine 

Power 

Pitot 

Anenometers 

Correlation 

Tubes 

Team® 

TF30 

Mil 

1050 

970 

1075 

F404 

A/B 

1020 

840 

1005 

820 

1000 

840 

Mil 

990 

1021 

1000 

85% 

595 

500 

640 

Idle 

245 

180 

mSM 

Mil 

900 

865 

849 

840 

■■■ 

910 

920 

85% 

775 

605 

680 

Idle 

300 

180 

. 

295 

TF41 

Mil 

— 

880 

1303 

930 

■■■ 

930 

See  Reference  C-2 


TABLE  C-3.  TYPICAL  STANDARD  DEVIATIONS  IN  THE  AEROrniERHAL  DATA; 

TESTING  THE  TF30  IN  THE  T-10  CELL  AT  NAS  CUBI  POINT 


468.084  61.737  I  176.543  0.990  126.176  1.185  I  104.380 
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Figure  C-2.  Curve  fitting  to  the  mass  flux  of  the  gas  flow  at  rack  A. 
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Appendix  D 

DATA  REDUCTION  TECHNIQUES 


Periodically,  the  test  sequence  was  interrupted  to  allow  the  MACSYM 
250  to  download  and  copy  its  data  disk  onto  a  COMPAQ  PC  data  disk.  This 
provided  backup  copies  of  the  data.  In  addition,  this  procedure  permitted 
preliminary  analysis  of  results  (computation  of  mass  flow  through  the 
hush  house  and  distribution  of  flow  through  sections  of  the  Intake)  at 
the  site  while  testing  continued.  For  compatibility  with  the  MACSYM 
250,  the  COMPAQ  PC  had  dual  disk  drives,  an  Intel  8087  board,  and  an  AD 
PCID  1  communication  card. 

The  calculations  involved  in  the  data  reduction  are  described  in 
Appendixes  B  and  C.  The  BASIC  program  employed  to  make  these  calcula* 
tlons  is  provided  here.  Typical  results  are  also  included. 
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PROGRAM  LISTING 


10  RBM  PROGRAM  CMDT  TO  AVERAGE  DATA  A)C  CALCUIATE  VELOCITIES  AND 
20  REM  MASS  FLOWS.  SPECIFIC  FOR  NAS  CUBI  PT.  TESTING  11/86. 

30  RE;1  edit  lines  200-210  for  weather  and  print  heading  (ENG.  ETC.) 

40  REM  SUSE  13.6  TO  CONVERT  INCHES  OF  MERCURY  TO  INCHES  OF  WATER. t 
50  RBM 


60  CLS:  CLEAR:  OPTION  BASE  1 

70  dim  DAT(  145),  SUM(  145),  Cl(  145),  AVE(  145),  MMS(  145) 

80  DIM  0(  145),  M(95),  A(60) ,  PR(  65),  TR(75),  V(77),  RH0(40) 

90DIMPT(57),  PS(57).  VWM(18),  WM(18),  0$(13),  D$(13) ,M$(13) ,  EA(38) 
100  REM 

110  READ  K1,K2,R,GC 

120  DATA  1.41,1.39,53.36,32.174 

130  FOR  1=1  TO  20;  READ  A(I)  ;  NEXT  I 

140  DATA  24.1,07.7,03.2,01.6,0.80,01.6,03.2,07.7,24.1,33.5, 
02.9,02.9,33.5,17.0,12.6,06.3,3.10,06.3.12.6,17.0 
150  FOR  I  =  21  TO  40:  READ  A(I):  NEXT  I 

160  DATA  29.6,06.3,06.3,29.6,04.6,04.4,04.4,04.4,04.4,04.4, 
04.6.04.4,04.4,04.4,04.4,04.4,4.42,4.42,4.42.4.42 
170  FOR  I  =  41  TO  55:  READ  A(I):  NEXT  I 

180  DATA  4.42,4.42.4.42.4.42.4.42,4.42.4.42,4.42,4.42,4.42. 


190 

200 

210 

220 

230 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 


360 

370 

380 

390 

400 


4.42,13.25.13.25.13.25.13.25 

LPRINT 

LPRINT  "LOCATION:  NAS  CUBI  POINT  ENGINE:  THROTTLE; 

LPRINT  "DATE;  ll/__/86  BAROM.  =  40  IN.  H20  ; 

AMB.  TEMP  =  _  F.  "  :  TR47  =  88  ;  PR37  =  405 

CN  s  132;  HRSLX=  1:  TLIN  =1:  NLIN=11  *****  NUM  CHANNELS, 'HR*  LOC  ETC. 
NCHAV  =  129:  EVSL  =  4 

OF$="OFFZCUPB"  •:  LPRINT  "  CALIB  OFFSET  ZERO  IS  'OFFZCUPB*  PERL-240" 
C0NV$s"CUP00NB"  •;  LPRINT  "  CONVERS/MULTIPLIER  IS  'CUPOONB*  PER  L-250" 
PRINT"  PROGRAM  'CMDT*  TO  AVERAGE  DATA  AND  CALCULATE  VELOCITIES  AND" 
PRINT"  MASS  FLOWS.  EDIT  LINES  200  THRU  250  FOR  HEADING,  WEATHER,  ETC. 
PRINT"  " 

PRINT; INPUT  "ENTER  THE  DATA  FILE  TO  BE  ANALYZED  (ON  DRIVE  B:)"; 

DA$: PRINT 

NAM$  =  "NOSAVE" 


REM 

OPEN  "R",#1."A;"+0F$+".DAT",40 
FIELD  #1,  4  AS  0$(1).  4  AS  0$(2).  4 
4  AS  0$(6),  4  AS  0$(7),  4 
OPEN  "R",#2,"B;"+DA$+".DAT",48 
FIELD  #2,  4  AS  D$(l),  4  AS  D$(2).  4 
4  AS  D$(6),  4  AS  D$(7),  4 
4  AS  D$(ll).  4  AS  D$(12) 
OPEN  "R",#3,"A;"+C0NV$+".DAT",40 
FIELD  #3,  4  AS  M$(l),  4  AS  M$(2),  4 
4  AS  M$(6),  4  AS  M$(7),  4 
OPEN  "R",#4,"B;"+NAM$+".DAT",40 
FIELD  #4.  4  AS  S$(l).  4  AS  S$(2).  4 
4  AS  S$(6),  4  AS  S$(7),  4 


'OFFSET  FILE 

AS  0$(3),  4  AS  0$(4),  4  AS  0$(5). 
AS  0$(8),  4  AS  0$(9).  4  AS  0$(10) 
'DATA  FILE 

AS  D$(3),  4  AS  D$(4),  4  AS  D$(5), 
AS  D$(8),  4  AS  D$(9),  4  AS  D$(10), 

'UNITS  CONVERSION  FILE 
AS  M$(3),  4  AS  M$(4),  4  AS  M$(5). 
AS  M$(8),  4  AS  M$(9),  4  AS  M$(10) 
•STATISTICAL  FILE 
AS  S$(3),  4  AS  S$(4),  4  AS  S$(5), 
AS  S$(8),  4  AS  S$(9).  4  AS  S$(10) 


REM 


II 
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*****  load  in  conv  file 


AlO  REM 

A20  FOR  J=1  TO  132  STEP  10 
430  GET  #3 

440  FOF  1=  1  TO  10 

450  MMS(I+J-1)=CVS(M$(I)) 

460  NEXT  I 

470  NEXT  J 

480  REM  ***  load  IN  OFFSET  FILE 

490  FOR  J=1  TO  90  STEP  10 
500  GET  #1 

510  FOR  1=  1  TO  10 

520  0(I+J-1)=CVS(0$(I)) 

530  NEXT  1 

540  NEXT  J 

550  CLOSE  #1  ;  CLOSE  #3 
560  KEM 

570  REM  A  KEY  TO  SUCCESSFUL  EXECUTION  OF  THE  PROGRAM  IS  PROPER 
580  KEM  EVENT  TIMES.  LOCAL  REAL  TIME  WAS  RECORDED  IN  DATA. 

590  REM 

600  PRlNTrlNPUT  "ENTER  START  TIME  (HR,  MIN,  SEC) ";H1,M1, SI 

610  SEC1=3600*H1+60*M1+S1 

620  PRINT; INPUT  "ENTER  FINAL  TIME  (HR,  MIN,  SEC) ";H2,M2, S2 

630  SEC2=3600*H2+60*M2+S2 

640  IF  SEC2<SEC1  THEN  PRlNTrPRINT  CHR$(7) :PRINT  "BAD  ENrRy|";GOTO  600 
650  INC=22 
660  N^O 

670  RRC%  =  0  •♦♦♦♦♦START  DATA  GET  LOOP  AND 

680  REa=REa+l  'SEARCH  FOR  CORRECT  TIME  SPAN 

690  GET  #2,REC% 

700  IP  EOF(2)  THEN  GOTO  950 

710  FOR  1=1  TO  12:  DAT(I)=CVS(D$(  I));  NEXT  I 

720  PRINT  DAT(HRSL%+TLIN-1);";";DAT(HRSLX+TLIN);";";DAT(HRSL%+TLIN+1) 

730  SEC=DAT(HRSL%+TLIN-1)*3600+DAT(HRSL%+TLIN)^60+DAT(HRSLX+TLIN+1) 

740  IP  SEC<SEC1  THEN  REa  =  REa  +  10  'CHECK  IF  DATA  IS  WITHIN  BOUNDS. 
750  IF  SEC<SEC1  THEN  GOTO  680  •  THIS  LINE  ENDS  THE  TIME  SEARCH  LOOP 

760  REM  IF  (N=0)  AND  (SEC>(SEC1+2^INC) )  THEN  GOTO  4600 
770  N=N+1 
780  REM 

790  FOR  J=13  TO  129  STEP  12  *******  PULL  IN  DATA  ♦♦ 

800  REC%=RECX+1 

810  GET  #2,RECS: 

820  FOR  1=1  TO  12;  DAT(1+J-1)=CVS(D$(I) ) :  NEXT  I 
830  NEXT  J 

840  IF  N=1  THEN  GOTO  920  •♦♦♦♦PRINT  FOR  1st  SECOND  OF  DATA 

850  IF  SEC>=(SEC2  +  .6)  THEN  GOTO  940 

860  REM  FOR  DATA  STILL  IN  RAW  VOLTAGE,  DO 

870  REM  PRELIMINARY  STATISTICAL  ANALYSIS 

880  FOR  L=1  TO  NCHAV 

890  SUM(L)=SUM(L)+DAT(L) ;  Cl (L)=C1 (L) +DAT(L)*DAT(L) 

900  NEXT  L 
910  GOTO  680 

920  LPKINT  "FIRST  TIME  ARRAY  IS  AT;  ";DAT(1) ;";";DAT(2) ;":";DAT(3) 

930  GOTO  680 
940  N  =  N  -  2 

950  LPRINT  "AVERAGED  ";N+1;"  READINGS  THRU 
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960  LPRINT  "TIME:  ";DAT(TLIN+HRSLX-1)  ;":";DAT(TLIN+HRSLX);":’’; 

DAT(TLIN+HRSLX+1) 

970  REM  ******CONVERT  THE  DAT()  &  SUM(  )  FILES  TO  ENGINEERING  UNITS 

980  FOR  K=1  TO  NCHAV 

990  DAT(K)  =  MMS(K)*(DAT(K)-0(K)) 

1000  SUM(K)  =  MMS(K)*(SUM(K)-N*0(K)) 

1010  NEXT  K 
1020  X=0 

1030  FOR  J=1  TO  NCHAV  STEP  10  'CLEAR  2  REM'S  TO  PRINT  OUT  AVERAGES  ** 
1040  FOR  K=1  TO  2:  '  REM  LPRINT:LPRINT  USING  "  ###.  ";X+1; 

1050  FOR  1=1  TO  5;  X=X+1 

1060  AVE(X)=SUM(X)/N 

1070  REM  LPRINT  USING  "  ####.###  ";AVE(X); 

1080  NEXT  1 

1090  NEXT  K 
1100  NEXT  J 
1110  REM 

1120  PR(37)  =  PR37  '  AMBIENT  P;  STILL  IN  IN.  H20,FM  LINE  210 

1130  TR(47)  =  TR47  +  459.7:  TR47  =  TR47  +  459.7  '  DEG.  RANKINE 

1140  RHOIN  =  .03613*144*PR37/TR47/53.36 
1150  MCELL(l)  =  0;  MSEC  =  0 

1160  REM  LOAD  AVERAGED  PRESSURE  FILE  FOR  INLETS;  CONV.  TO  PSF 
1170  FOR  J=1  TO  31 

1180  PR(  J  )  =  .03613*144*AVE(  40  +  J  ) 

1190  NEXT  J 

1200  REM  CALCULATE  PRIMARY  INLET  VELOCITIES  AND  MASS  FLOWS 
1210  FOR  I  =  1  TO  12 

1220  V(I)  =  SQR(2*ABS(PR(I))*32.174/RHOIN) 

1230  IF  PR(I)  <  0  THEN  V(I)  =  0 

1240  M(I)  =  RHOIN*A(I  +  24)*V(I) 

1250  MCELL(l)  =  MCELL(l)  +  4*M(I) 

1260  NEXT  I 
1270  REM 
1280  REM 

1290  VPWMA  =  V(l):  VPWMB  =  V(7) 

1300  REM  CALCULATE  SECONDARY  INLET  VELOCITIES  AND  MASS  FLOWS 
1310  FOR  I  =  13  TO  31 

1320  V(I)  =  SQR(2*ABS(PR(I))*32.174/RHOIN) 

1330  IF  PR(I)  <  0  THEN  V(I)  =  0 

1340  M(I)  =  RHOIN*A(I  +  24)*V(I)  'A(  )  FROM  LINES  - 

1350  MSEC  =  MSEC  +  M(I) 

1360  NEXT  I 
1370  REM 

1380  PRINT; PRINT  "  DO  YOU  WANT  TO  CALCULATE  PRIMARY  INLET  AIRFLOWS  " 

1390  PRINT"  USING  WINDMILLS?  (  0  =  YES,  RACK  1; - 1  =  YES.  RACK  2; 

- >2  =  NO)" 


1400  INPUT  WMINANS 

1410  IF  WMINANS  >1  GOTO  1540 

1420  FOR  I  =  1  TO  8;  VWM(I)  =  AVE  (I+71+8*WMINANS) :  NEXT  I 

1430  REM  AVERAGE  THE  VELOCITY  FOR  60  SQ.FT.  SLOTS  HAVING  2  WINDMILLS; 

1440  REM  EXTRAPOLATE  FOR  SLOTS  (9  &  10)  WITHOUT  WINDMILLS  . 

1450  VWM(2)  =  .5*(VWM(2)+VWM(3)):  VWM(3)=0:  VWM{4)  =  .5*(VWM(4)+VWM(5) ) 
1460  VWM(5)  =  0;  VWM(9)  =  .5*VWM(4);  VWM(IO)  =  .28*VWM(4) 
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1470  FOR  I  =  1  TO  10 

1480  MWM  =  MWM  +  60*RHOIN*VWM(I) 

1490  NEXT  1 


1500  LPRINTrLPRlNT;  LPRINT  "INLET  FLOW  CHARACTERISTICS";  LPRINT 
1510  LPRINT  "PRIMARY  INLET" 

1520  FOR  1=1  TO  12:  LPRINT  USING  "_V  (##_)  =  ####.#  M(##)  = 

####.#  PR(##)  _=  ####.#  ?#.#":i7v(i);I;M(iT;I:PR{i) 

1530  NEXT  I 

1540  LPRINTiLPRINT  USING  "  PRIMARY  INLET  MASS  FLOW  =  ####.#  LB/SEC"; 

MCELL(l) 

1550  LPRINT:LPR1NT  USING  "  PRIMARY  INLET  MASS  FLOW  MEASURH)  WITO 

WINDMILLS  =  ####.#  LB/SEC  ";MWM 

1560  LPRINT;LPRINT  "SECOICARY  INLET  " 

1570  FOR  1=13  TO  31:  LPRINT  USING  "  V  (##  )  _=  ####.#  M(##)  = 

###.#  PR(##)  =  ####.#  #?.#";!, V(I);I;M(I);I;PR(I)  “ 

1580  NEXT  I 

1590  LPRINT:LPRINT  USING  "  SECOM)ARY  INLET  MASS  FLOW  =  ####.#  LB/SEC  "; 


1600 

1610 

1620 

1630 

1640 

1650 

1660 

1670 

1680 

1690 

1700 

1710 

1720 

1730 

1740 

1750 

1760 

1770 

1780 

1790 

1800 

1810 

1820 

1830 

1840 

1850 

1860 

1870 

1880 


MSEC 

LPRINT;LPR1NT  "SECONDARY  INLET  SYMMETRY  CHECK 
LPRINT  USING  "  V(28)  =  ####.#  CORRESPONDS  TO 


ft 

V(22) 


CORRESPOMIS 

CORRESPOmS 

CORRESPOIDS 


TO 

TO 

TO 


V(20) 

V(18) 

V(14) 


####.#"; 

####.#"; 

####.#"; 

####.#"; 


»  TOTAL  INLET  AIRFLOW,  PRI.  +  SBC. 


•LOCATE  MAX  TEST  CELL  INLET 
•VELOCITY 


V(28);  V(22) 

LPRINT  USING  "  V(29)  =  ####.# 

V(29);V(20) 

LPRINT  USING  "  V(30)  =  ####.# 

V(30);V(10) 

LPRINT  USING  ••  V(31)  =  ####.# 

V(31);V(14) 

MCELL(l)  =  MCELL(l)  +  MSEC 
REM 

VMAX  =  V(l) 

FOR  1=2  TO  31 

IF  V(I)  >  VMAX,  THEN  VMAX  =  V(I) 

NEXT  I 

REM  AUGMENTATION  AIRFLOW  AND  AUGMENTATION  RATIO  CALC  VIA  INLETS. 

PRINT;  INPUT  ••ENTER  ENGINE  MASS  FLOW  IN  LB/SEC,  AND  FUEL  FLOW  IN 
LB. /HR."  ,  MENG,  FENG 
MSEC(l)  =  MCELL(l)  -  MENG 
AUGRAT(l)  =  MSEC(1)/MENG 
LPRINT 

LPRINT  USING  ••TOTAL  INLET  AIRFLOW  =  ####.#  LB/SBC";MCELL(1) 

LPRINT  USING  "AUGMENTATION  AIRFLOW  OF  INLETS  =  ####.#  LB/SEC"; MSEC (1) 
LPRINT  USING  "AUGMENTATION  RATIO  =  ##.##";  AUGRAT(l) 

REM 

REM  CALCULATE  EXHAUST  FLOWS 

KSl  =  (K1  -  1)/K1 
KS2  =  2/(Kl  -  1) 

REM  LOAD  EXHAUST  TEMPERATURES  AND  DP^S;  CONVERT  TO  RANKINE  &  PSI 
PR37  =  .03613*PR37 
FOR  I  =  1  TO  36 

TR(I)  =  459.7  +  AVE(I+  95) 

PR(I)  =  .03613  *  AVE(I+4)  •  PR(25)  &  PR(26)  ARE  CD^S 

NEXT  I 
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1890  REM  CALCULATE  EXHAUST  FLOWS  OF  THE  TWO  EXHAUST  RACKS 

1900  FOR  K  =  1  TO  15  STEP  13 

1910  FOR  I  =  1  TO  13 

1920  PT(I)  =  PR(I  +  K  -1)  +  PR37 

1930  PS25  =  PR(30  +  INT(K/A)  )  +PR37 

1940  RHO(I)  =  144*PS25/TR(I  +  K  -1)/R 

1950  MACH  =  SQR(KS2*ABS((PT(I)/PS25)«KS1  -  1)) 

1960  V(I  +  K  -1)  =  MACH*(Kl*GOR*TR(I  +  K  -1))®.5 
1970  IF  ((PT(1)/PS25)®KS1-1)  <  0  THEN  V(I  +  K  -1)  =0 

1980  M(I  +  K  -1)  =  RHO(I)*A(I  +  K  -1  )*V(I  +  K  -1) 

1990  NEXT  1 
2000  NEXT  K 

■>010  REM  ENERGY  BALANCE  CONSTANTS  AND  CALCULATIONS. 

2020  HVF  =  18069:  CHEM  =  FENG*HVF/3600000000#  '  FENG  IN  LB/HR 

2030  EAIR  =  MCELL(1)*(.24*TR47  +  .00002*V(30)©2)/1000000I 
2040  EIN  =  CHEM  +  EAIR 

2050  LPRINT:LPRINT  USING  "EAIR  =  «#.###.  EFUEL  =  ##.###, 

EIN  =  ##.###  MBTU/SEC.";EAIR;CHEM;E1N 
2060  LPRINT;LPRINT  "EXHAUST  RACK  'A'  " 

2070  FOR  1=1  TO  13 

2080  MCELUA  =  MCELL2A  +  M(I) 

2090  LPRINT  USING  "V':##)  =  ####.#  FT_/SEC"; I,  V(I) ; 

2100  LPRINT  USING  "  T(##)  =  ####  DEG.  F  M(##)  =  ###.#  LB/SEC";!; 

TR(I)-459.7jI;M(I) 

2110  NEXT  I 

2120  LPRINT;LPRINT  USING  "TOTAL  AUGMENTATION  TUBE  AIRFLOW  (BY  SUM)  = 
«##.#  LB/SEC"}  MCELL2A 

2130  MCELL2A  =  0  :  ECELL2A  =  0;  M(1)=M(1)/A(1) 

2140  FOR  1  =  5  TO  13:  M(I)  =  M(I)/A(I):  NEXT  I 
2150  A(1)=1:A(5)=1:A(9)=1 

2160  EA(5)  =  M(5)*(.24*TR(5)  .00002*V(5)®2) 

2170  EA(1)  =  M(1)*(.24*TR(1)  +  .00002*V(1)®2) 

2180  EA(9)  =  M(9)*(.24*TR(9)  +  .00002*V(9)®2) 

2190  EA(1)  =  .5*(EA(1)  -»•  EA(9)):  Cl  =  (EA(1)  -  EA(5))/25:  C2  =  EA(5) 

2200  LPRINT; LPRINT  "EXHAUST  RACK  »B‘" 

2210  FOR  I  =  14  TO  24 

2220  MCELL2B  =  MCELL2B  +  M(l) 

2230  LPRINT  USING  "V(##)  =  ####.#  FT/SEC";I,V(I) ; 

2240  LPRINT  USING  "  T(##)  =  ##«#  DEG.  F  M(##)  =  ###.#  LB. /SEC."; 

I;TR(I)-459.7;I;M(I) 

2250  NEXT  I 

2260  LPRINT:LPRINT  USING  "TOTAL  AUGMENTATION  TUBE  AIRFLOW  (BY  SUM)  = 
###«.#  LB/SEC";MCELL2B 

2270  M(l)  =  .5*(M(1)+M(9)):  A(1)=(M(1)-M(5) )/25 
2280  A(2)  =  M{5) 

2290  FOR  I  =  1  TO  7  :  M(I+1)  =  A(1)*I®2  +  A(2)  ; 

M(I)  =  A(1)*(I-1)®2  +  A(2) 

2300  EA(I+1)  =  C1*I®2  +  C2  :  EA(I)  =  C1*(I-1)®2  +  C2 

2310  MCELL2A  =  MCELL2A  +  3.14159*(M(I+1)+M(I) )*(I®2-(I-l)®2)/2 

2320  ECELL2A  =  ECELL2A  +  3.14159*(EA(l+l)+EA(I) )*(I®2-(I-1)®2)/2000000I 

2330  NEXT  I 

2340  LPRINT:LPRINT  USING  "TOTAL  AUatBNTATION  TUBE  AIRFLOW,  RACK  'A' 

(BY  INTEGR.)  =  ####.#  LB/SEC" ;MCELL2A 

2350  MSEC2A  =  MCELL2A  -  MENG:  AUGRAT2A  =  MSEC2A/MENG 
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2360  LPRINT  USING  "ENGINE  GAS  FLOW  =  ###.  LB/SBC";MENG 

2370  LPRINT  USING  "AUGMENTATION  (SECONDARY)  AIRFLOW  =  ####.#  LB/SEC" ;MSEC2A 
2380  LPRINT  USING  "AUOfBNTATION  RA.TIO  =  #«.«#";  AUGRAT2A 

2390  LPRINT  USING  "  E  -  RACK  'A*  =  ##.###  MBTU/SEC.":ECELL2A 
2400  MCELL2B  =  0:  ECELL2B  =  0 

2410  FOR  I  =  1  TO  24;  M(I)  =  M(I)/A(I):  A(I)  =  1;  NEXT  I 
2420  EA(17)  =  M(17)*(.24*TR(17)  +  .00002*V(17)®2) 

2430  EA(14)  =  M(14)*(.24*TR(14)  +  .00002*V(14)®2) 

2440  EA(20)  =  M(20)*(.24*TR(20)  +  .00002*7(20) ®2) 

2450  EA(14)  =  .5*(EA(14)  +  EA(20) ) ;  C3  =  (EA(14)  -  EA(17))/36;  C4  =  EA(17) 
2460  M(14)  =.5*(M(14)+M(20));  A(14)=(M(14)-M(17) )/36 
2470  A(2)  =  M(17) 

2480  FOR  I  =  1  TO  7;  M(I+1)  =  A(14)*I®2  +A(2) :  M(I)  =  A(14)*(I-1)©2  +  A(2) 

2490  EA(I+1)  =  C3*I®2  +C4;  EA(I)  =  C3*(I-1)®2  +  C4 

2500  MCELL2B  =  MCELL2B  +  3.14159*(M(I+1)+M(I) )*(I®2-(I-l)®2)/2 

2510  ECELL2B  =  ECELL2B  +  3.14159*(EA(I+1)+EA(I) )*(I®2-(I-1)®2)/2000000I 

2520  NEXT  I 

2530  MSEC2B  =  MCBLL2B  -  MENG:  AUGRAT2B  =  MSEC2B/MENG 

2540  LPRINT:LPRIMr  USING  •TOTAL  AUGMENTATION  TUBE  AIRFLOW,  RACK  B 

(BY  INTBGR.)  =  ####.#  LB/ SEC"  ;MCELL2B 

2550  LPRINT  USING  "ENGINE  GAS  FLOW  =  ####.#  LB/SEC" ;  MENG 

2560  LPRINT  USING  "AUGMENTATION  (SECOIBAFY)  AIRFLOW  =  ####.#  LB/SEC"; 
MSEC2B 

2570  LPRINT  USING  "AU<»1ENTATI0N  RATIO  =  ##.##  ";AUGRAT2B 

2580  LPRINT  USING  "E  -  RACK  'B*  =  ##.###  MBTU/SEC.  ";  ECELL2B 
2590  PMIN  =  AVE(29):  IF  AVE(30) <AVE(29)  THEN  PMIN  =  AVE(30) 

2600  LPRINT;LPRINT  "STATICS  IN  AUGMENTER  TUBE  —  IN.  H20" 

2610  LPRINT  USING  "  Sv  1  —  5  )  ###.##  ###.##  ###.##  ###.##  ###.##"; 

AVE(31) ;AVE(32) ;AVE(33) :AVE(34) ;AVE(35) 

2620  LPRINT  USING  "  S(  6  -  10  )  ###.##  ###.#♦  ###.##  ###.##  #«#.#«"; 

AVE(36) ;AVE(37) ;AVE(38) ;AVE(39) jAVE(40) 

2630  TMAXl  =  25  'TMAXl  IS  FOR  AUG.  TUBE  WALL  TEMP. 

2640  FOR  1=1  TO  6 

2650  IF  DAT(I+89)  >  TMAXl,  THEN  TMAXl  =  DAT(I+89) 

2660  IF  DAT(I+89)  =  TMAXl  THEN  IMAX  =  I 

2670  NEXT  I  'TEMP 

2680  REM  CONVERT  BACK  TO  DEGR  F  IS  NOT  NEEDED; 

2690  TMAX2  =  25 
2700  FOR  1=1  TO  9 

2710  IF  DAT(I+119)  >  TMAX2,  THEN  TMAX2  =  DAT(I+119) 

•LOCATE  MAX  RAMP  TEMP. 

2720  NEXT  I 

2730  FOR  I  =  1  TO  16 

2740  WM(I)  =  AVEd  +  71) 

2750  NEXT  I 

2760  LPRINT:  LPRINT  "WINDMILL  VELOCITIES  -  FT. /SBC,"; 

2770  FOR  J  =  1  TO  8 

2780  LPRINT  USING  "  VWM(##)  =  #####.1 

VWM(##)  _=  ####.#  ";  J;  WM(J) ; J+8;  WM(J+8) 

2790  NEXT  J 
2800  REM 
2810  LPRINT 
2820  LPRINT 

2830  LPRINT  USING  "CELL  DEPRESSION  =  ##.###  INCHES  WATER"; PMIN 
2840  LPRINT  USING  ••MAX  TEST  CELL  INLET  VELOCITY  =  ###.#  FT/SEC";VMAX 
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2850  LPRINT  USING  "MAX  AUGMENTOR  TUBE  WALL  TEMP.  =  #«#.#  DEG.F 
AT  STA.  ##  ";TMAX1;IMAX 

2860  LPRINT  USING  "MAX  EXHAUST  RAMP  TEMPERATURE  =  ###.#  DEG.F  ";  TMAX2 
2870  LPRINT  USING  "INLET  TOTAL  AUGMENTATION  RATIO  =  ##.##  ";  AUGRAT(l) 

2880  LPRINT  USING  "EXHAUST  AUOfENTATION  RATIO,  RACK  'A*  =  ##.##  ";AUGRAT2A 
2890  LPRINT  USING  "EXHAUST  AUGMENTATION  RATIO.  RACK  'B*  =  ##.##  ";AUGRAT2B 
2900  REM 

2910  REM  LPRINT  FLAGS  ALERTING  TO  POTENTIAL  TEST  CELL  PROBLEM  AREAS 
2920  IF  PMIN  <  -1.5,  THEN  LPRINT  "**  CELL  DEPRESSION  >  1.5  INCHES  H20  **" 
2930  PRINT  "DONE"  ;  LPRINT  "END  OF  SUMMART" 

29 AO  GOTO  2980 
2950  REM 

2960  PRINT  CHR$(7);PRINT  "TIME  ":Hlj":"jMl;";";Sl;"  DOES  NOT  OCCURl": 

GOTO  2980 

2970  PRINT  CHR$(7);PRINT  "TIME  ";H2;":";M2;":";S2;"  DOES  NOT  OCCURl 
CHECK  DATA  FILE  NAME" 

2980  PRINT  "DONE" 

2990  PRINT; PRINT: PRINT; INPUT  "PRESS  RETURN  TO  RETURN  TO  MAIN  MENU",A$ 

3000  REM  LOAD  "MENU",R 
3010  END 


» 
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TYPICAL  RESULTS 


LOCATION!  NAS  CU6I  POINT  ENGINE:  F404-GB-400  THROTTLE:  A/BURN. 
DATE:  11/11/86  BAROM.  =  405  IN.  H20  ;  AMB.  TEMP  =  88  P. 

FIRST  TIME  ARRAY  IS  AT;  17  :  43  :  55.03333 
AVERAGED  26  READINGS  THRU  TIME:  17  :  44  :  25.03333 


INLET  FLOW  CHARACTERISTICS 


PRIMARY  INLET 


V(  1) 

S 

65.2 

M( 

1) 

= 

21.6 

PR( 

1) 

S 

4.8 

V(  2) 

= 

68.9 

M( 

2) 

s 

21.8 

PR( 

2) 

S 

5.3 

V(  3) 

= 

67.4 

M( 

3) 

21.4 

PR( 

3) 

s 

5.1 

V(  4) 

= 

62.7 

M( 

4) 

s 

19.9 

PR( 

4) 

a 

4.4 

V(  5) 

S 

62.7 

M( 

5) 

= 

19.9 

PR( 

5) 

= 

■4.4 

V(  6) 

= 

62.9 

M( 

6) 

= 

20.0 

PR( 

6) 

s 

4.4 

V(  7) 

S 

66.0 

M( 

7) 

s 

21.9 

PR( 

7) 

s 

4.9 

V(  8) 

= 

68.1 

M( 

8) 

s 

21.6 

PR( 

8) 

a 

5.2 

V(  9) 

= 

64.2 

M( 

9) 

a 

20.4 

PR( 

9) 

a 

4.6 

V(10) 

s 

64.4 

M(10) 

s 

20.4 

PR(IO) 

a 

4.6 

V(ll) 

= 

64.3 

M(ll) 

m 

20.4 

PR(ll) 

a 

4.6 

V(12) 

s 

65.0 

M(12) 

s 

20.6 

PR(12) 

s 

4.7 

PRIMARY  INLET  MASS  FLOW  =  999.4  LB/SBC 


PRIMARY  INLET  MASS  PLOW  MEASURED  WITH  WINDMILLS  >  849.5  LB/SBC 


SECONDARY  INLET 


V(13) 

a 

81.5 

M(13) 

a 

26.0 

PR(13) 

a 

7.4 

V(14) 

s 

89.5 

M(14) 

a 

28.5 

PR(14) 

a 

9.0 

V(15) 

a 

90.7 

M(15) 

a 

28.9 

PR(15) 

a 

9.2 

V(16) 

a 

85.5 

M(16) 

a 

27.3 

PR(16) 

a 

8.2 

V(17) 

a 

117.4 

M(17) 

a 

37.4 

PR(17) 

a 

15.4 

V(18) 

a 

114.5 

M(18) 

a 

36.5 

PR(18) 

a 

14.7 

V(19) 

a 

94.9 

M(19) 

a 

30.2 

PR( 19) 

a 

10.1 

V(20) 

a 

136.7 

M(20) 

a 

43.6 

PR(20) 

a 

20.9 

V(21) 

a 

94.5 

M(21) 

a 

30.1 

PR(21) 

a 

10.0 

V(22) 

a 

102.6 

M(22) 

a 

32.7 

PR(22) 

a 

11.8 

V(23) 

a 

104.6 

H(23) 

a 

33.3 

PR(23) 

a 

12.3 

V(24) 

a 

116.6 

M(24) 

a 

37.2 

PR(24) 

a 

15.2 

V(25) 

a 

101.9 

M(25) 

a 

32.5 

PR(25) 

a 

11.6 

V(26) 

a 

82.5 

M(26) 

a 

26.3 

PR(26) 

a 

7.6 

V(27) 

a 

100.7 

M(27) 

a 

32.1 

PR(27) 

a 

11.4 

V(28) 

a 

102.8 

N(28) 

8 

98.2 

PR(28) 

a 

11.8 

V(29) 

a 

96.1 

M(29) 

a 

91.8 

PR(29) 

a 

10.4 

V(30) 

a 

109.7 

M(30) 

a 

104.8 

PR(30) 

a 

13.5 

V(31) 

a 

96.4 

H(31) 

a 

92.1 

PROD 

a 

10.4 

SECONDARY  INLET  MASS  FLOW  «  869.3  LB/SEC 


SECONDARY  INLET  SYMMETRY  CHECK 


V(28)  = 

102.8 

CORRESPONDS 

TO 

V(22) 

a 

102.6 

V(29)  = 

96.1 

CORRESPONDS 

TO 

V(20) 

a 

136.7 

V(30)  = 

109.7 

CORRESPONDS 

TO 

V(18) 

a 

114.5 

V(31)  = 

96.4 

CORRESPONDS 

TO 

V(14) 

s 

89.5 

TOTAL  INLET  AIRFLOW  »  1868.7  LB/SEC 
AUGMENTATION  AIRFLOW  OF  INLETS  e  1728.7  LB/SEC 
AUGMENTATION  RATIO  =  12.35 


EAIR  =  0.246,  EFUEL  -  0.155,  EIN  ■  0.401  MBTU/SEC. 
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EXHAUST  RACK  'A' 


V(  1) 

= 

158.8 

PT/SEC 

T( 

1) 

= 

264 

DEG.  F 

M( 

1) 

s 

206.4 

LB/SEC 

V(  2) 

s 

35  2.5 

FT/SEC 

T( 

2) 

380 

DEG.  F 

M( 

2) 

= 

126.2 

LB/SEC 

V(  3) 

= 

47  2.4 

PT/SEC 

T( 

3) 

= 

454 

DEG.  F 

M( 

3) 

= 

64.6 

LB/SEC 

V(  4) 

s 

588.5 

FT/SEC 

T( 

4) 

= 

530 

DEG.  F 

M( 

4) 

= 

37.1 

LB/SEC 

V(  5) 

= 

674.3 

PT/SEC 

T( 

5) 

580 

DEG.  F 

M( 

5) 

= 

20.2 

LB/SEC 

V(  6) 

= 

671.2 

FT/SEC 

T( 

6) 

= 

586 

DBG.  F 

M( 

6) 

2 

40. 1 

LB/SEC 

V(  7) 

= 

561.7 

FT/SEC 

T( 

7) 

s 

5  18 

DEG.  F 

M( 

7) 

r 

7  1.7 

LB/ SEC 

V(  8) 

= 

441.2 

PT/SEC 

T( 

8) 

= 

429 

DEG.  F 

M( 

8) 

= 

149.3 

LB/ SEC 

V(  9) 

s 

259.4 

FT/SEC 

T( 

9) 

r 

299 

DEG.  F 

M( 

9) 

= 

321.7 

LB/SEC 

V(10) 

= 

425 . 5 

FT/SEC 

T(10) 

= 

753 

DEG.  F 

M(  10) 

= 

458.9 

LB/SEC 

V(ll) 

s 

646.4 

FT/SEC 

T(ll) 

s 

565 

DEG.  F 

M(  1  1) 

7  1.4 

LB/ SEC 

V(12) 

s 

594.0 

FT/SEC 

T(12) 

= 

529 

DEG.  F 

M(1  2) 

= 

68.0 

LB/SEC 

V(13) 

s 

274.9 

PT/SEC 

T(13) 

384 

DEG.  F 

M(13) 

2 

426.2 

LB/ SEC 

TOTAL  AUGMENTATION  TUBE  AIRFLOW  (BY  SUM)  =  2061.7  LB/SEC 


EXHAUST  RACK  'B' 


V(14) 

2 

171.4 

FT/SEC 

T(14) 

2 

266 

DEC. 

F 

M(14) 

2 

158.7 

LB. /SEC. 

V(15) 

2 

228.9 

FT/SEC 

T(15) 

2 

355 

DEC. 

F 

M(15) 

= 

139.8 

LB. /SEC. 

V(16) 

2 

274.7 

FT/SEC 

T(  16j 

2 

377 

DEG. 

F 

M(16) 

2 

81.7 

LB. /SEC. 

V(17) 

2 

298.8 

PT/SEC 

T(17) 

2 

396 

DEG. 

F 

M(17) 

= 

42.8 

LB. /SEC. 

V(18) 

2 

306.2 

FT/SEC 

T(18) 

2 

400 

DEC. 

F 

M(  18) 

2 

88.6 

LB. /SEC. 

V(19) 

2 

276.8 

PT/SEC 

T(19) 

2 

382 

DBG. 

P 

M(19) 

2 

163.6 

LB. /SEC. 

V(20) 

2 

232.1 

PT/SEC 

T(20) 

2 

344 

DEC. 

F 

M(20) 

2 

193.9 

LB. /SEC. 

V(21) 

2 

251.0 

PT/SEC 

T(21) 

2 

372 

DBG. 

F 

M(21) 

2 

35  2.7 

LB. /SEC. 

V(22) 

2 

283.6 

PT/SEC 

T(22) 

2 

388 

DEG. 

F 

M(22) 

2 

83.3 

LB. /SEC. 

V(23) 

2 

265.3 

FT/SEC 

T(23) 

2 

376 

DEC. 

F 

M(23) 

2 

79.0 

LB. /SEC. 

V(24) 

2 

218.6 

FT/SEC 

T(24) 

2 

354 

DEG. 

F 

M(24) 

2 

313.9 

LB. / SBC. 

TOTAL  AUGMENTATION  TUBE  AIRFLOW  (BY  SUM)  =  1697.9  LB-/SEC 


TOTAL  AUGMENTATION  TUBE  AIRFLOW.  RACK  'A*  (BY  INTEGR.)  =  1730.6  LB/SEC 
ENGINE  GAS  FLOW  -  lAO.  LB/SEC 

AUGMENTATION  (SECONDARY)  AIRFLOW  =  1590.6  LB/SEC 

AUGMENTATION  RATIO  =  11.36 

E  -  RACK  'A'  »  0.317  MBTU/SEC. 

TOTAL  augmentation  TUBE  AIRFLOW,  RACK  B  (BY  INTECR.)  =  1764.5  LB/SEC 
ENGINE  GAS  FLOW  »  140.0  LB/SEC 

AUGMENTATION  (SECONDARY)  AIRFLOW  =  1624.5  LB/SEC 
AUGMENTATION  RATIO  =  11.60 

E  -  RACK  'B'  =  0.342  MBTU/SEC. 

STATICS  IN  AUGMENTER  TUBE  --  IN.  H20 


S(  1  - 

-  5 

) 

-5.00  -4.85 

-4.76 

-4.72 

-1 

.60 

S(  6  - 

10 

) 

-0.05  0.06 

0.89 

0.73 

1 

.62 

WINDMILL  velocities  - 

FT. /SEC 

• 

VWM( 

1) 

2 

26.2 

VWM(  9) 

2 

35.4 

VWM( 

2) 

S 

30.5 

VWM(IO) 

- 

32.5 

VWM( 

3) 

S 

33.5 

VWM(1 1) 

2 

3  1.2 

VWM( 

4) 

= 

34,3 

VWM( 1 2) 

2 

33.6 

VWM( 

5) 

2 

33.6 

VWM(13) 

2 

3  2.1 

VWM( 

6) 

2 

3  1.8 

VWM( 14) 

2 

30.2 

VWM( 

7) 

2 

29.7 

VWM( 1 5) 

2 

2  2.3 

VWM( 

8) 

- 

26.3 

VWM( 16) 

= 

18.1 

CELL 

DEPRESSION 

-0.641 

INCHES  WATER 

MAX  TEST  CELL  INLET  VELOCITY  =  136,7  FT/SEC 

MAX  AUGMENTOR  TUBE  WALL  TEMP.  =  416.7  DEG.F  AT  STA.  6 

MAX  EXHAUST  RAMF  TEMPERATURE  =  353.3  DEG.F 

INLET  TOTAL  AUGMENTATION  RATIO  =  12.35 

EXHAUST  AUGMENTATION  RATIO.  RACK  'A'  =  11.36 

EXHAUST  AUGMENTATION  RATIO,  RACK  'B*  =  11.60 

END  OF  SUMMARY 
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Appendix  E 


VELOCITY  COmtHJR  PIjOTS 

Figures  E-1  through  E-6  are  contour  plots  of  the  augirenter  tube 
velocities  calculated  from  pressures  measured  at  the  forward 
instrumentation  rack.  The  contours  were  generated  using  Computorvlslon 
Corporation's  CADDS  4X  Site  Engineering  Package.*  Interpolation  was 
employed,  requiring  assumptions  to  be  made  concerning  the  weighting  of 
the  different  velocities.  These  contours,  therefore,  are  not  "data." 
They  are  offered  as  a  less  accurate  but  perhaps  more  enlightening  method 
of  presenting  the  results.  In  particular,  the  effects  of  engine 
misalignment  are  clearly  Illustrated. 


*Computervlalon  Corporation.  User's  Manual:  CADDS  4X  site  engineering 
reference.  Boston,  MA.  May  1984. 


E-1 


.52  misaligned  by  2.3  DEGREES 


NOTES  - 

!i  velcc:"''  cc\“CuR5  :n  a  =lam:  cuttinc-  augvente=>  ’I’ibe  3c  f~  from  'ube  :ni.et 
i2'-  vE^0C!“IE3  .%  ^'^'SEC 

1 2:  V  ;3  Al  IG'jME  N  ’’G  ’’he  l£"T  wi-En  FACING  ENGINE 
I4'i  >52 -^-  5B  A"  ;e 

(a)  J52  misaligned  by  2 . 3  degrees. 


Figure  E-1.  Effect  of  horizontal  misalignment  on  the  aerothermal 
performance  of  T-10  test  cell  at  the  NAS  Cubl  Point. 


E-3 


NOTES: 


Figure  E~2. 


11)  VELOCITIES  IN  FT/SEC 

12)  LOOKING  BACK  TOWARD  ENGINE 

13)  30  PT  DOWN  the  TUBE:  73. i  FT  FROlnl  ENGINE  NOZZLE 

14)  averaged  over  a  37  SECONDS  RUN 


Velocity  contours  across  augmenter  tube  while  testing 
TF30-P-414A  at  A/B  with  throttle  plate. 


E-5 


NOTES : 


(1)  VELOCITIES  (PRESSURES)  AVERAGED  OVER  A  60  SECONDS  RUN 

(2)  VELOCITIES  IN  FT/SEC 

(31  30  ft  down  the  TUBE:  43.1  FT  FROM  ENGINE  NOZZLE 


re  E-3. 


Velocity  contours  across  augmenter  tube  while  testing 
TF30-P-414A  at  Mil  with  throttle  plate. 


NOTES  : 


Figure  E-4. 


I 


(1)  VELOCITIES  (PRESSURES)  AVERAOEC  OVER  A  26  SECONDS  RUN 

(2)  VELOCITIES  IN  TT/SEC 

13)  30  FT  DOWN  THE  TUBE:  45.7  FT  FROM  ENGINE  NOZZLE 


Velocity  contours  across  augmenter  tube  while  testing 
F404-GE-400  at  A/B  with  throttle  plate. 


E- 


NOTES ; 


Figure  E-6. 


(I)  velocities  (PRESSURES)  AVERAOED  OVER  A  31  SECONDS  RUN 
(2!  VELOCITIES  IN, FT/SEC 

(31  30  ft  DOWN  the  TUBE:  48,0  P'T  FROIV  ENGINE  NOZZLE 


Velocity  contours  across  augmenter  tube  while  testing 
J52-P-408  at  Mil  with  throttle  plate. 


\ 
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Appendix  F 

CUBI  POINT  WEATHER  SUMHARIF.S 


The  weather  was  never  a  factor  influencing  the  tests.  It  rained 
several  nights  and  during  the  afternoon  on  the  1.3th  and  14th  of  November, 
but  tests  were  not  conducted  during  any  period  of  heavy  precipitation. 
Winds  were  always  light,  rarely  exceeding  ten  knot.s. 

Table  F-1  summarizes  weather  conditions  encountered  during  the 
period  of  the  tests. 


Table  F-1.  Weather  Summaries  For  Cubi  Point  During  9-19  November  1986 


Dates  and  Times 


conoici on 

- 1 

9  Nov  ' 
1053 

1 - 

1  11  Nov 
0900 

1 1  Nov 
1630 

12  Nov 
2000 

1 3  Nov 
1445 

19  Nov 
1100 

19  Nov 
1820 

Dry  Bulb,  «F 

87 

88 

89 

83 

77 

92 

85 

Wet  Bulb,  ®F 

79 

79 

76 

74 

74 

79 

76 

Humidity,  %  | 

75 

66 

62 

76 

90 

56 

72 

Barometer,  In./Hg 

29.77 

29.85 

29.76 

29.80 

29.70 

29.75 

29.71 

Wind  Velocity,  Kn 

5 

6  -  12  1 

6 

3 

9 

3 

4 

Wind  Direction 

—  -  -  1 

090 

060 

050 

120 

350 

Vari¬ 

able 

_ i 

315 
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DISTRIBUTION  LIST 


A F  6550  ABG/DER,  Piitrick  AFB,  FI.;  AFII/DUl  (Ihiilson).  Wriphl-PaiiL-rson  AFB.  OH;  AFI  l  1)111 . 

VVrighl-Paltcrson  AFB.  OH 
AF  HO  ESD/DEE.  Hanscom  AFB.  MA 
AFB  AUL/LSE  6.5-465.  Ma.xwcll  AFB.  Al. 

ARMY  ERADCOM  Tech  Siipp  Dir  (DEL.SD-L).  Fl  M.mm.nilli.  NJ 
ARMY  BELVOIR  R<!tD  CEN  SI  RBE-BLORE.  Ft  Hcivoir.  VA 

ARMY  CERI.  CERL-ZN.  Champaign.  IL;  Library.  Champaign.  11.  CECER-EM  (Hayes),  Champaign,  IL 
ARMY  EHA  Bio-Aco  Div.  Abcrilccn  Proving  Clrnil.  MD;  HSHB-liW.  Abcrilocn  Proving  (irnil.  MD 
ARMY  EWES  WESGP-E.  Vicksburg.  MS 

CBC  Code  10.  Davisvillc.  Rl;  Code  15.  Port  Hucnemc.  CA;  Code  4.)0.  (iullport.  MS;  Library.  Davisville.  Rl: 

PWO  (Code  400).  GuU'port.  MS;  PWO  (Code  SO),  Port  Hueneme.  CA;  Teeh  Library.  Gulfport.  MS 
CBU  401.  OIC.  Great  Lakes.  IL:  405.  OIC.  San  Diego.  CA;  411.  OIC.  Norfolk.  VA:  417.  OIC.  Oak  Harbor. 
WA 

COMDT  COGARD  Library,  Washington.  DC 

COMFAIR  SEC.  Naples.  Italy;  WESTPAC  DET.  OIC.  Ciibi  Point.  RP 

COMNAVAIRSYSCOM  Code  422.5F.  Wiishington.  DC 

COMNAVRESFOR  Code  82.C  New  Orleans.  LA 

DOE  Wind/Ocean  Teeh  Div.  Tobacco,  MD 

DTIC  Alexandria,  VA 

EPA  Air  Prgm  Off,  Ann  Arbor.  Ml 

FAA  Code  APM-740  (Tomita).  Washington.  DC 

FCTC  LANT.  PWO.  Virginia  Bch.  VA 

FMFLANT  CEC  Offr.  Norfolk.  VA 

LIBRARY  OF  CONGRESS  Sci  &  leeh  Div.  Washington.  DC 

MARCORBASE  PWO.  Camp  Pendleton,  CA 

MCAF  Code  Cl 44.  Ouantico.  VA 

MCAS  PWO.  Yuma.  AZ 

MCRD  PWO.  San  Diego.  CA 

MCRDAC  M  &  L  Div  Ouantico.  VA 

NAF  AROICC,  Midway  Island:  Dir,  Engrg  Div.  PWD,  Atsugi.  .lapan:  PWO.  Atsugi.  Japan 
NAS  AIMD  Pwrpints  (Chambers).  Cubi  Point.  RP:  Chase  Fid.  Code  IS.JtKI.  Beeville.  TX;  Chase  Fid.  PWO. 
Beevillc.  TX;  Code  ()72E.  Willow  Grove.  PA;  Code  III),  Adak.  AK;  Code  15.  Alameda.  CA;  Code  71). 

South  Weymouth.  MA;  Code  S.  Patuxent  River.  MD;  Miramar.  PWO.  San  Diego.  CA:  PW  Engrg 
(Branson),  Patuxent  River.  MD;  PWD  Maint  Div.  New  Orleans.  LA:  PWO  (Code  IS2)  Bermuda:  PWO, 
Dallas.  TX;  PWO.  Glenview.  IL;  PWO.  Kellavik.  Iceland;  PWO.  Kingsville  I'X;  PWO.  New  Orleans,  LA; 
PWO.  Sigonella.  Italy:  PWO.  South  Weymouth.  MA;  SCE.  Cubi  Pttini.  RP:  SCE.  Norfolk.  VA;  Whiling 
Fid.  PWO.  Milton.  FL 

NAVAIRDEVCEN  Code  S.12.  Warminster.  PA 

NAVAIRENGCEN  Code  IS2.  Lakchurst.  NJ;  Code  52611  (Croce).  Lakehiirst.  N.I;  PWO.  I.akehurst.  NJ 

NAVAIRPROPCEN  Code  PE2I  (Zimmerman),  Trenton,  NJ;  Code  PE.)|  (Khirman).  Trenton,  NJ 

NAVAIRTE.STCEN  Code  SY5.5  (Lynch).  Patuxent  River.  MD;  PWO.  Patuxent  River.  MD 

NAVAVIONICCEN  Code  D/7()l.  Indianapolis,  IN;  PWO.  Indianapolis.  IN 

NAVAVNDEPOT  Code  64.5.7  (Douglas).  San  Diego,  CA 

NAVCAMS  PWO  (Code  W-6()),  Wahiawa,  HI;  SCE,  Guam.  Mariana  Islands 

NAVCOASTSYSCEN  Tech  Library.  Panama  City.  FL 

NAVCONSTRACEN  Code  B-l.  Port  Hueneme.  CA 

NAVFACENGCOM  Code  (Ml,  Alexandria.  VA;  Code  05.  Alexandria.  VA:  Code  ()5R  (Bersson),  Alexandria. 

VA;  Code  0.5T  (Essoglou).  Alexandria.  VA;  Code  04A.  Alexandria.  VA;  Code  ()4AI.  Alexandria.  VA; 

Code  04A5  (E.  Fcrencc).  Alexandria.  VA;  Code  (Ki5l.  Alexandria.  VA;  Code  ()S5.  Alexandriti.  VA;  Code 
0‘JMI24  (Lib).  Alexandria.  VA 

NAVFACENGCOM  -  CUES  DIV.  FPO-IPL.  Washington.  DC 

NAVFACENGCOM  -  LANT  DIV.  Br  Ofe.  Dir,  Naples.  Italy;  Code  1112,  Norfolk,  VA:  Library,  Norfolk,  VA 
NAVFACENCJCOM  -  NORTH  DIV.  Code  04,  Philadelphia,  PA;  Code  04AL.  Philadelphia.  PA;  Coile  202.2. 
Philadelphia.  PA 

NAVFACENGCOM  -  PAC  DIV.  Coile  OOP.  Pearl  Harbor.  HI;  Code  101  (Kyi).  Pearl  Harbor,  HI;  Library, 

Pearl  Harbor.  HI 

NAVFACENGCOM  -  SOUTH  DIV,  Coile  1112.  Charleston.  SC;  Code  405  (Foster).  Charleston,  SC;  Code  406, 
Charleston.  SC;  Library,  Charleston,  SC 

NA VFACFNCiCOM  -  WEST  DIV.  Code  04A2.2  (Lib).  San  Bruno,  CA;  Code  l)4B,  San  Bruno.  CA:  Pae  NW  Br 
Offc.  Code  C/50.  Silverdale.  WA 

NAVFACENGCOM  CONTRACTS  Code  460.  Portsniotrth.  VA:  DROICC.  i.emoore.  CA;  OICC,  Ciu;im; 
f)ICC/Rf)ICC.  Norfolk.  VA;  ROICC.  Corpus  Chrisli.  TX;  ROICC.  Point  Mugu.  CA;  OICC/ROICC', 
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